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ROTOR REDESIGN FOR A HIGHLY LOADED 1800 FTlSEC TIP SPEED FAN 
X I .  FINAL PERFmMANCE REPORT 
Cw R e  BCLT, Dw LEE AND Pw W G  McDONALD 
PRATT & WHITNEY AIRCRAFT GROUP 
1.0 SUMMARY 
A f a n  stage w i t h  a r o t o r  t i p  speed of 548.6 m/sec (1800 f t / s e c )  was tes ted  t o  
evaluate the  performance o f  a redesigned r o t o r  blade, The r o t o r  was designed (. ?f ,  1) us ing  a quasi three-dimensional design system, and b I ade shapes were 
designed us ing  f o u r - p a r t  mul t i p l e - c i r c u  l ar-arc a i r f o i  I sect ions. The r o t o r  had 
a h u b l t i p  r a d i u s  r a t i o  of 0.5 and an aspect r a t i o  o f  2.87 (average span/hub 
a x l a l  chard). The s t a t o r  was designed w i t h  m u l t i p l e - c i r c u l a r - a r c  a i r f o i l s  and 
was n o t  changed from a previous l y t es ted  conf i g u r a t i  on ( r e f .  2 and 3) 
A t  design speed the peak r o t o r  ad iabat ic  e f f i c i e n c y  was 86.1% or 0.7% below 
the  design goal. The stage ad iabd t i c  e f f i c i e n c y  was 82.8% ( a f t e r  0.6 o f  a 
p o i n t  performance de te r i o ra t i on ) ,  which was one percent below the  design ob- 
j e c t i v e .  A t  t h i s  operat ing c o n d i t i o n  the  mass f low was approximately equal t o  
design flow, and the  r o t ~ m  pressure r a t i o  (2.26) and stage pressure r a t i o  
(2.20) were below design level,  The surge margin from the peak e f f i c i e n c y  
p o i n t  was 13%, which exceeded the  7% design level .  A sumnary o f  the  design 
speed peak e f f i c i e n c y  p o i n t  t e s t  values and design i n t e n t  values i s  presented 
I n  Table I. 
TABLE I 
SUMMARY OF DESIGN SPEED 
PEAK EFFICIENCY PERFORMANCE 
(Poi n t  110-10-04) 
DESIGN TEST 
-
Stage Ad iabat ic  E f f i c i ency ,  % 83.8 012,8(a) 
Stage Pressure R a t i o  2.28 2.20 
Corrected I n l e t  Flow, kg/sec ( I bm/sec) 
Surge Margin 7% I 3% 
Rotor  Ad iabat ic  E f f i c i ency ,  % 86.8 86.1 
Rotor  Pressure R a t i o  2.34 2.26 
Runni ng T i p  C learance, meters (inches ) 762x10-E(0.030) 610x10-6(0.024) 
aEff i c i e n c y  ob ta i  ned a f t e r  d e t e r i  o ra t ion .  
A replacement r o t o r  f a r  the 548.6 m/sec (1800 f t /sec)  t i p  speed, t ranson ic  f a n  
stage was designed, fabr icated,  and tested. The purpose o f  the  program or1 g i -  
na l  l y  repor ted  ( r e f .  2 and 3) was t o  demonstrate improved e f f i c i e n c y  by 
greater  con t ro l  over shock loss. The replacement r o t o r  was designed using a 
quasi t hree-dimensi onal desi gn system, and b lade shapes were desi gned uai  ng 
f our-part, mu1 ti p l  e - d  r c u  l ar-arc a i r f o i  I rect lons.  'i'hc des 4 gn i s  d l  scussed i n  
d e t a i l  i n  reference 1. L 
I n  t h i s  r e p o r t  t he  experlmental data obtained dur ing  t h e  p r o g r m  are presented I 
and canpared w i t h  design val ues. High frequency response s t a t i c  pressure data t 
measured over the  r o t o r  t i p  are presented i n  isobar contours. Laser velocime- 1 
t r y  measurmer\ts of t h e  r o t o r  f l ow  f i e l d  were a l so obta ined and are discussed 
i n  reference 4. 
The synbo I s  used i n  t h i s  r e p o r t  are def ined i n  Appendix A. 
3.0 APPARATUS 
3.1 FAN STAGE 
The fan stage (Figure 1) was a single-stage, ax ia l - f low fan wi thout  i n l e t  
guide vanes. A d e t a i  led desc r lp t i on  i s  given i n  t h e  Design Report ( r e f .  1). 
The stage was designed t o  provide a pressure r a t i o  o f  2.28, an ad iaba t i c  ef- 
f i c i e n c y  o f  0.838, and a s p e c i f i c  flow rate of 188.9 kg/sec-m2 (38.7 
lh/sec-ftz) . The stage f lowpath was maintained from the o r i g i n a l  conf igura-  
t i o n  described i n  reference 2, The stage design parameters are sumnari zed i n  
Table 11. 
TABLE I I 
DESI GR PARAMETERS 
Corrected Speed, rpm 
Rotor T i p  Speed, m/sec f t / s e c )  
Corrected F low, kg/sec l bm/sec) 
Corrected Wei ght F low Per U n i t  Annul us 
Area, kg/m2- sec ( I bm/ft2- sec) 
Rotor Pressure R a t i o  
Staqe Pressure Ra t i  o 
Rotor Ad iabat ic  E f f i c i ency ,  % 0 
Stage Ad iabat ic  E f f i c i ency ,  % 
T i p  D i  ameter , meters ( i n  .) 
Hub/Tip Ra t io  a t  Rotor I n l e t  
Rotor T i p  S o l i d i t y  
Rotor Aspect ~ a t i  o(a) a 
Sta to r  Hub S o l i d i t y  
S ta tor  Aspect R a t i  o(a) 
Stage Average E x i t  Flow Angle, degrees 
Number o f  Rotor B lades 
Number of S ta to r  Vanes 
aAspect Rat io  = average span/axial chord a t  hub 
2 
* -  - - 
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Ttre raotor b lade and asselribly a re  shown i n  F i g t ~ r e s  2 and 3, r e s p c c t l  valy,  The 
r o t o r  was designed t o  upe\+clte a t  548,,Ci m / s ~ c  (1800 Ftlrrec) w r th  a presstrra 
r a t i o  of 2.34 and an ad iabat ic  e f f i c i e n c y  OF 0.868. Tthe r o t o r  ltati 38 blades 
w i  ttl an aspect; r a t i o  o f  2.89  (average spanlhub a x i a l  chord)* Ttre blade con- 
s i s t s  o f  standard ~ r ~ u l t i p l e ~ c i ~ c u l a t * ~ a r c  s e c t i ~ n s  Frorn t i le  hub t o  20 percent  
span atld four -par t  , atrl t i p l e - c i r c u l  ar-arc sec t ions  From 34 perccnt  span t o  t tle 
t i p ,  Ttie r e g i o n  between 20 and 34 percent: span prov ided a S I ~ Q Q ~ ~  t rans1 t i o n  
Franr a standard niu1 t i p l e - c i r c u l  ar-arc s e c t i  an t o  a four-part ,  rnul t i p l e -  
c i r c u l  ar-arc sect ion,  R e t a i l s  o f  ttie r o t o r  desqgri a re  given i n  reference 1. 
fl ie s t a t o r  vane and assewbly (F igures 4 and 5 )  were r e t a i r ~ e d  frorrl the  prev ious 
conf  i g u r a t i  ons . The s t a t o r  vane had mu1 ti p l  e -c i  r c u l  ar-arc sect ions. There were 
60 stator* vanes w i t t i  an aspect r a t i o  o f  2,22 (average span/tinb a x i a l  chord), 
D e t a i l s  of the s t a t o r  desigti a re  provided i n  reference 2, 
3 .2  TEST FACILITY I 
Ttre t e s t  program was conducted Jn a modern cornpressor t e s t  f a c i l  i ty, F igure  6, 
squi pped w i  t k  a synchr*onous ~ r ~ o t o r  w i  t k  a oru? t i - r a t i  o gearbox t o  p rov ide  speed 
range c a p a b i l i t y ,  Ttre i n l e t  a i r  f lowed througll a f l a t p l a t e  o r i f i c e  and through 
an i n l e t  plenum t o  prov ide  a un4fonn t o t a l  pyessure and tcrtrperature p r o f i l e  t o  
the t e s t  r i g ,  The a i r f l o w  was exhausted froni the  r i g  i n t o  a t o r o i d a l  c o l l e c t o r  
t t ~ r o t ~ g l i  a s e t  s f  valves o f  var ious sizes, p rov id ing  coarse arid fi t ~ e  adjwsttnent 
o f  backpressure or  t l l r o t t l  i ng  f o r  the t e s t  conrpressor, and then througti ex- 
hausters. $ train-gage 1 nstrutaentat i  on s ignal  s f ram t i l e  \-otor were transmi t t e d  
v i a  t c l m c t ~ * y  t o  1-ecording equipment. 
3.3 ~NSTRUMENTATION AND CALIBRATION 
3.3.1 Overal l  and Blade Ele~nent Inst ru l r icntat ion 
A i r f l o w  to  the  stage was rrieasured by means o f  a f l a t p l a t e  o r i f i c e  desigr~ed t o  
ttre spec i f  $ca t i ons  def  inlsd by the I n t e r n a t i o n a l  0rganizat. ion f o r  Standards. 
A l l  o r i f i c e  r e l a t e d  i n s t r i ~ ~ n e t r t a t i o n  was i n s t a l l e d  per Power Test  Code 19.5, 
4-13559. ?his system provided a f l o w  r a t e  measurement accurate t o  w l t h i n  21.0 
percent.  
The r o t o r  speed was measured us ing  an inipul se type p h k u p  throrrgti a frequency- 
to-DC converter.  The measurement acc\rracy was w i t t i i n  i 0 . 1  percent o f  the  i n -  
d i ca ted  speed, 
A1 1 tenrper atures were measured w i  t h  Chronlel-A1 uael Type K thermocoupl es w i  t t r  
fin i nd l  v i  dual w i re  c a l i b r a t i o n  appl ied t o  each sensor. Salnple elements fro111 
the temperature po le  rakes were c a l i b r a t e d  over the expected Mach nrjntber range 
to  deterrrii ne recovery f a c t o r  v a r i  at3 ons wjth yaw and p i t c h  angle, Va r ia t i ons  
o f  the  recovery c a r r e c t i o n  with pressure were appl i c d  as noted i n  NASA TechnS- 
c a l  Note 3766 and corrrplenrented by r e s u l t s  o f  t e s t i n g  a t  P r a t t  & Wkitney A i r -  
c r a f t  , Overal l  r o o t  trrean square temperature accuracy was es t in iated t o  be 
t0.28 K (9.50F).  
I.L 
Measurements of a i r f l o w  angl c3. were obtained by  r a d f a l  l y  t rave rs  f ng 1 5 4 e g r c s  
i n c l  sided i lngl a wedge probes, T o t a l  pressure recovery and yaw angle devf a t i ~ n s  
were c a l i b r a t e d  as funct ions o f  Mach number and p i  t c l ~  angle. The measuranent 
accuracy of t h e  a i r  angle probe systerrr was 20.5 d~graes ,  
A l l  pressures f r a n  wake rakes and s t a t i c  pressure taps were n~easured w i t h  
t rat~sducers on scanivalves and recorded by an autanat ic  data a c q u i s i t i o n  sys* 
tern, The accuracy o f  the pressure measurments was 9.1, percent  o f  the f u l l  
s c a l e  value f o r  t h a t  transducer, I 
Nine high-freqk~ency~response pressurrJ transducers were i n s t a l  l ed* i n  the  case 
over  the r o t o r  t i p s  t o  tlteasure instantaneous st,atic-pressura fl u c t u a t l  on$, Tan 
taps  For nleasuring w a l l  steady s t a t e  s ta t ic -prcssure  were n l  so i n s t a l  l e d  over b 
t he  r o t o r  b lade t i p s  i n  ax? a1 l oca t i ons  corrt;spondlng t o  the  pressure t rans-  
ducers t o  tlieasure the average fs t a t 1  c-pressure 1 eve1 . Ff  gure 7 stlows the r o t o r -  
b lade  t ip-shock pressure i ! l s t re~menta t io t~  i n  re1  a t i  on t o  t h e  blades. 
I 
! 
Two p,*oximity detectors, locatfed over the  r o t o r  blade t i p s  but  apar t  f r a n  the  
pressure transducers, generatc!d an e l e c t r i c a l  pulse f o r  each blade passing, 
Tile s ignals from both the  ppessure transducers and the p r o x i m i t y  de tec tors  
were recorded on the sarrie t i ~ n e  reference by a mu1 t i  channel tape recorder.  
Photagraphs o f  t y p i c a l  i n s t r u ~ ~ i e n t a t i o n  are  shown i n  F i g u r e  8, and the  a x i a l  
and c i t+cumferent i  a1 p o s i t i  011s of t h e  I nstrutnentat ion are shown I n  F igures 9 
and 10, 
I 
Ins  trurtrentati on f o r  trteasuri rig o v e r a l l  and b l  ade-elea~ent perforn~ance data i s  
l i s t e d  i n  Table 111, 
TABLE I 1 1  1 
PERFORMANCE AND BLADE ELEMENT INSTRUMENTATION 1 
A1 1 measurements were recorded by automatic data acqul s i  t i  on sys tem unless 
noted otherwise. 
I n s  trutllent Plane Locat i  on Parameter Type and Quant i  tx 
I n l e t  F low Measuring O r i f i c e  p s 4 S t a t i c  taps downstream 
and 4 s t a t i c  taps upstreain 
o f  i n l e t  o r i f i c e  
L 
Del ta  P 3 d e l t a  P trancducers 
sensing the d i  f f e r e n t i  a? 
pressure hetween the  up- 
stream and downstream o r i -  
f i  ce pressures 4 
*Orgi nal ly t e n  transducers had been p l  anned, bu t  because o f  an i n s t a l  l a t i  on 
problem, one transducer had t o  be omitted. 
r I n s  tru~nent: Plane Locat ion  Parainetnr 
t 
b f S t a t i o n  O Plenurn Clramber pi5 
S t a t i o n  1.0 Ins t rumenta t ion  
Ring 
Ps 
S t a t i o n  2.0 I n l e t  Duck 
3.0 
p s 
S t a t i o n  11 Rotor I n l e t  ( \ \ r i th in  1/2 cl iord) 
S ta t ions  13 t o  14 Rotor 
Casing 
PT, Pf, 
Radi a 
Blade 
Clearance 
6 %nth1 tenlparattrre 
t hermecoup1 as I ocat@d up- 
stream o f  the  o r i f i c e  
9 s t a t i c  pressure taps 
circurnFljr*entf a l l y  equal lcy 
spaced on the p l  rnum w a l l  
10 bare  w i r e  thermocoupl @S 
l oca ted  i n  a plane i n  the 
p l  cjnu~n cl~amber and d i  s- 
t r f b u t e d  e q u a l l y  f n the  
r a d i  a1 and c i rcurn ferent i  a1 
d l  r e c  t i  on 
4 0.0, w a l l  s t a t i c  taps 
2 0,D. and 2 IeDv w a l l  
s t a t i c  taps, 180 degrees 
apart; 
2 wedge t raverse  prwbes 
11 r a d i a l  pos i  t i a n s  
4 O.D. and 4 I,D, w a l l  
s t a t i c  taps 
10 h igh  frequency response 
pressure transducers 
rnountcd i n  a x i a l  1 ine over 
r o t o r  blade t i p s ,  Rccordt?d 
on magnetic tape. 
10 0.0, w a l l  s t a t i c  taps 
i n  a x i a l  l i n e  over r o t o r  
b l  ade t i p .  
Two prox irni ty detectors 
pos i t ioned apart: f r m i  t he  
pressure transducers and 
i n  a 1Jne a t  about the 
r o t o r  b l  ade t i p - c t ~ o r d  an- 
g le,  Recorded on magnetic 
tape. 
TABLE f E I (Conti d) 
I n s l r u m e s  P  1  aqe Loce tZ nn 
-- & r & ~ ~ @ t e r  
S t a t i o n  15 S t a t o r  Leading Edge PS 4 0.D. and 4 f , D ,  wal l  
s t a t i c  taps  ~ q u a l l y  spaced 
and l o c a t e d  on ex teos ion  
o f  m i  dchnnnel 1  t nes . 
p s 
1 
4 O,D, and 4 1.D. w a l l  
s t d t l c  taps  s p w d  across 
one vane gap, 
Station 11 S t a t o r  E x l t  PT* Radia l  2 c i r c t ~ m f e r e n t l a l  wake f 
rakes (14 k i e l  headed e le -  
aents)  traversab'icr t o  each 
of e leven  r a d i a l  l o c s t l o n ,  
Each wake rake spans a t  
l e a s t  one vane gap a t  O.D. 
TT, Radia l  :bi rcurnferen t i a1 wake 
rakes (11 k i e l  headed e l e l  
tnents) t r a v s r s a b l e  t o  each 
o f  e l  even r a d i  a1 
l o c a t i o n s .  Each wake rake  
spans a t  least one vane 
gap a t  O.D. 
P~ PS, 2 wedge t r a v e r s e  probes, 
Radi a1 11 r a d i ~ ~ l  p o s i t i o n s  . 
Probes spaced 162 degrees 
apar t ,  
p s 4 O.D. and 4  I.D. w a l l  
s t a t l c  taps  e q u a l l y  spaced 
and l o c a t e d  on t h e  exten- 
s i on  o f  u s t a t o r  mid-chan- 
ne l  stream1 i n e  
p s 4 O.D. and 4 1.0. w a l l  
s t a t i c  t a p s  spaced across 
vane gap. 
& 
S t a t i o n  22 R i g  E x i t  p T 1 f i x e d  f ive-element c i r -  
cumferen t ia l  rake  l o c a t e d  
a t  about 301 span. 
I 
The e leven  r a d i a l  pos i  t i o n e  c a l l e d  o u t  f o r  t h e  wake rake  t r ave rses  a re  de f i ned  
by the i n t e r s e c t i o n  o f  the a x i a l  s t a t i o n  and design s t reaml ines  t h a t  pass 
th rough 5, 10, 15, 30, 50, 60, 65, 70, 85, 90, and 95 percen t  of t h e  passage 
h e i g h t  a t  the r o t o r  t r a i l i n g  edge. 
3.3.2 Special Instruiaentation 
S t a l l  detect ion Snstrumentation was i n s t a l l e d  a t  the leading edge of the r o t o r  
blade row and a t  the t r ~ j l l n g  edge a f  the s ta to r  vane row, This Jn.~trumentae 
t9 on consi sted o f  h igh frequency response thermocouples and statdc pressure 
taps wi th  closemmounted pressure transducers. A l l  sensors were rannected t o  
tho t es t  stand safety motli t o r i ng  system whlch automatical l y  sequenced the comc 
pressor t o  s t a l l  recovery. This system was used along w i t h  the au tma t i c  data 
recording system t o  i d e n t i f y  the po in t  o f  compressor i n s t a b i l i t y .  
A ho te f l lm  probe a t  the rotor 'inlet w i th  sensors a t  25, 50, and 85 pwcent  of 
b lade height from the hub was used t o  continuously record ve loc i t y  f luc tua-  
t i ons  on a mu1 tichannel tape recorder when operating near or w i t h i n  the s t a l l  
region. 
S t ra i n  gages on selected blades and vanes, as we1 l as the hot  f i l m  probe, were 
used t o  detect excessive v ibra tory  or f l u t t e r  stresses. 
Spec1 a1 ins trumentati on f o r  measuri n both ae~odynamic and rnechani cal charac- 7 t e r i s t l c s  during excursions i n t o  s t a l  are I l s t c d  i n  Table 1V.  
TARLE I V  
SPECIAL INSTRUMENTATION 
Instrument P,l.ane Lccnt i 03 
II 
Xnlet O r i f i c e  
Sta t ion 0 Plenum 
ear  amet er, IJpe a,nd Quant i t y  
p s 1 s t a t i c  tap downstream 
and 1 s t a t i c  tap upstream 
of i n l e t  o r i f i c e .  
Del ta p A de l ta  P transducer sens- 
Jng the d i f f e r e n t i a l  pres- 
sure between the upstream 
and downstream o r i f  i ce  
statdc pressures. 
One o r i f  i ce  upstream t o t a l  
temperature. 
One plenum s t a t i c  tap. 
One p l  enuin t o t a l  tempera- 
ture ,  
Table I V  (Cont ld)  1 
Instrument Plane L o c a t i  on 
S ta t i on  11 Rotor I n l e t  
S ta t ion  1 7  Stator  E x i t  
S ta t ion  17 Sta tar  E x i t  (Cont td)  
S ta t i on  22 Rig E x i t  
Rotor B l  ades 
S t  a to r  Vanes 
Gear box 
Parameter 
--
Type and Q u a n t i t x  
V e l o c i t y  One probe w i t h  th ree  h o t  
f i l m  sensors a t  25, 50, 
and 85 percent  o f  the 
blade he igh t  f rom the  hub. 't 
T T 1 h igh  frequency response bare wS r e  thermocouple 
near the ou ter  wa l l  , L 
p s 1 s t a t i c  pressure tap  on 
outer  w a l l  w i t h  close- 
coupl ed mounted transducer. 
TT 1 h igh  frequency response bare w i  r e  thermocouple 
near the outer  wa l l ,  
St ress 
Stress 
Speed 
1 s t a t i c  pressure tap on 
outer  wa l l  w i t h  c lose-  
coup1 ed transducers. 
5 t o t a l  pressure taps 
loca ted on t h e  fixeld wake 
rake connected t o  c lose  
coupl ed transducers . 
24 s t r a i n  gages d i s t r i b u -  
t ed  on s i x  r o t o r  blades. 
22 s t r a i n  gages d i s t r i b u -  
t ed  on s i x  s t a t o r  vanes. 
Impul se pickup. 

70 percent  speed, fo r  ttrree pa in ts  a t  95 percent $peed, f o r  f i v e  po in ts  a t  100 
percent speed, and f o r  f o u r  po in ts  a t  105 percent speed. These data were used 
t o  o b t a i n  a s t a t i c  pressure f i e l d  r e l a t i v e  t o  the r o t o r  blade t i p s  f o r  i n d i -  
c a t i n g  shock p o s i t i o n  and strength. Rota t ing  s t a l  I surveys were conducted a t  
70, 95, 100, and 105 percent; o f  design speed. A three-sensor, h o t - f i  lm  probe 
was used t o  detec t  r o t a t i n g  s t a l  i by measuring r o t o r  i n l e t  v e l o c i t y  f Iuctua- 
t i ons  a t  25, 50, and 85 percent of t he  r o t o r  i n l e t  passage height ,  Readings 
fran t h e  probe were recorded along w i th  a speed s ignal  by a mu1 t ichannel  tape 
recorder. Readi ngs of other  t r a n s i  ent paraneters were recarded every th ree 
seconds as t h e  f a n  stage was t h r o t t l e d  i n t o  s t a l  I. 
T i p  clearances were r~~easured a t  a l  I speeds a t  o r  near t h e i r  peak e f f i c i e n c y  
se t t ings ;  p rox im i t y  pickup detectors were employed. 
4.2 DATA REDUCTION PROCEDURES 
An automated data reduct ion  and ana lys is  progvam was used t o  cond i t ion ,  organ- 
ize, and process the  raw data i n t o  engineering u n i t s  and t o  perform circumfer- 
e n t i a l  Illass averaging f o r  use i n  the f l o w f i e l d  ana lys is  program. A l l  perfor- 
rnance data were autanat i  ca l l y  recorded i n  m i  1 l i vol ts ,  converted t o  engineering 
un i t s ,  corrected, and averaged as described below. 
The data reduc t i  o:q program condi t ioned t o t a l  pressure and t o t a l  temperature 
data f ran  the  two pressure and two temperature t rave rs ing  wake rakes located 
downstream of t h e  s ta to r ,  Tota l temperature rneasurernents were corrected f o r  
temperature recovery as a func t i on  o f  Mach number modifsied f a r  pressure l eve l  
e f f e c t s  using t h e  procedure out  l i n e d  i n  reference 5. 
Overa l l  stage perfonnance and gap-wise rrlass-flow averaged t o t a l  pressure r a t i o  
and t o t a l  temperature r a t i o  were ca lcu la ted f o r  each rake a t  each r a d i a l  loca- 
t i  on. S t a t i c  pressure f o r  the  mass-f low averaging was taken from a l inear i n -  
t e r p o l  a t i on  of t l ie  hub and t i p  wal I s t a t i c  pressure tap readings; t he  s t a t i c  
pressures were assumed t o  be constant: c i  rcurnferenti a I ly. Total  temperatures 
requ i red  f o r  gap-wise mass-f low averaging of t o t a l  pressure were obtained by 
i n t e r p o l a t i o n  f ran  a r a d i a l  and c i r c u n f e r e n t i a l  ma t r i x  of temperatures genera- 
t e d  from averages of readings tnade w i th  t h e  two temperature rbakes. A s i m i l a r  
procedure was used t o  ob ta in  t h e  t o t a l  pressures f o r  gap-wi se mass-f l ow aver- 
aging o f  t o t a l  tanperature f rorn each rake. This process resu l ted  i n  two r a d i a  I 
d i s t r i b u t i o n s  of gap-wi se, mass-f low averaged pressures and two r a d i a l  d i  s t r i  - 
bu ti ons o f  gap-wise, mass-f l ow averaged temperatures. The two gap-wi se aver- 
aged pressures and two gap-wi se averaged temperatures were averaged a t  each 
corresponding r a d i a l  l oca t ion  t o  g ive one r a d i a l  d i s t r i b u t i o n  of pressure and 
one r a d i a l  d i s t r i b u t i o n  o f  temperature f o r  i npu t  t o  the  f l o w f i e l d  ana lys is  
program. Radia l  loca t ions  at  which averaged data were i n p u t  were determined by 
averaging t h e  r a d i a l  locat ions a t  which redundant temperatures o r  pressures 
were measured . 
t h e  data reduct ion  program a lso  condi t ioned data from the r a d i a l  l y  t raversed 
wedge probes. Two equal ly spaced wedge probes were used a t  t he  r o t o r  i n l e t  and 
a t  t h e  s t a t o r  e x i t .  The measured f l ow  angles were corrected using c a l i b r a t i o n  
curves f o r  each i n d i v i d u a l  probe and averaged. 
The f l o w f i e l d  ana lys is  program was used t o  cons t ruc t  t he  f l o w f i e l d  and prov ide  
o v e r a l l  performance and b l  ade-el anent pe r f  ormancr parameters a t  b l  ade row 
leading and t r a i l i n g  edges. This program solved the  con t i nu i t y ,  energy, and 
r a d i  a1 e q u i l i b r i u m  equations f o r  ax isymnetr ic  f l o w  a t  s t a t i o n s  corresponding 
t o  b lade edges and inst rumentat ion planes and a t  o ther  s t a t i o n s  requ i red  t o  
def ine t h e  f l  owfi e ld.  Curvature, enthal  py, and entropy grad ien t  terms were 
i ncl  uded i n  the equi 1 i b r i  urn c a l  cu l  a t  i ons. Thermodynamic p rope r t i es  o f  a i r  were 
ca l cu la ted  from gas tab les  f o r  t he  component gases, i n c l u d i n g  water vapor. 
I Input  t o  the f l o w f i e l d  ana lys is  program consis ted o f  the  geometry o f  the corn- 
pressor f lowpath and blade rows, blockage fac to rs ,  and the  following aerody- 
namic data: 
Locat i on - Data 
Compressor i nl.1 Corrected mass f 1 ow, cor rec ted  speed, NASA standard day 
sea l e v e l  values o f  t o t a l  pressure, and t o t a l  tempera- 
ture. (Zero i n l e t  s w i r l  was assumed.) 
S ta tor  I n l e t  Radi a1 d i s t r i b u t i o n  o f  t o t a l  pressure r a t i o .  
Stat or  E x i t  Radial d i s t r i b u t i o n s  of t o t a l  pressure r a t i o ,  t o t a l  tem- 
pera ture  r a t i o ,  and absolute a i r  angle. 
The r a d i a l  d i s t r i b u t i o n  o f  t o t a l  pressure r a t i o  a t  the  r o t o r  e x i t  was i n t e r -  
preted f rom the  s t a t o r  e x i t  t o t a l  pressure and t o t a l  temperature measurements. 
The normal procedure was t o  choose the  peak value Prom the  s t a to r  gapwi se t o -  
t a l  pressure p r o f i l e s .  The peak t o t a l  pressure value was c a r r i e d  forward along 
a st reaml ine t o  t h e  s t a t o r  lead ing  edge where i t  was def ined as the  r o t o r  e x i t  
t o t a l  pressure. 
Using t h e  maximum value, t h e  peak pressure ana lys is  procedu~e,  as u t i l i z e d  i n  
reference 3, produced unreal i s t i c  r o t o r - s t a t o r  l oss  s p l i t s .  Th is  i s  3 l l u s t r a -  
t e d  i n  F igu re  11 where r o t o r  losses a t  the r o o t  are shown as being negative, 
i ndi c a t i  ng eff  i c i  ency 1 eve1 s over 100 percent. 
A review o f  the s t a t o r  gapwise t o t a l  pressure p r o f i l e s  i nd i ca ted  a r o o t  analy- 
s i s  problem. The t o t a l  pressure v a r i a t i o n  across the  s t a t o r  gap a t  15, 30, and 
50 percent  spans i s  shown i n  F igure  12. The 50 percent  span data were charac- 
t e r i s t i c  o f  t he  p r o f i l e s  between 50 percent and 95 percent span where the  t o -  
t a l  pressure p ro f  i l e  was f l a t  w i t h  d i s t i n c t  s t a t o r  wakes. A t  30 and 15 percent  
span t h e  peak t o t a l  pressure occurred as a l o c a l  maximum and not  representa- 
t i v e  o f  the  r o t o r  e x i t  t o t a l  pressure. The gapwise t o t a l  temperature data a t  
a t he  s t a t o r  e x i t  (F igu re  13) i nd i ca ted  t h a t  t h e  l o c a l  t o t a l  pressure peak was 
accompanied by a l o c a l  t o t a l  temperature peak. An e f f i c i e n c y  ca l cu la ted  us ing  
the  normal method o f  t h e  peak t o t a l  pressure and gap mass average t o t a l  tem- 
pera ture  was s u b s t a n t i a l l y  h igher  than the e f f i c i ency  ca l cu la ted  us ing the  
7 1 ocal t o t  a1 pressure and t o t a l  temperature val  ues. 
Because of t h i s  r o o t  ana lys is  problem, an a1 t e r n a t i v e  data ana lys i s  method was 
employed. This  method produced a r e a l i s t i c  r o t o r - s t a t o r  l oss  s p l i t .  
The a l t e r n a t i  ve data ana l y s i  s  method cons1 s t s  o f  two par ts :  
a, I n  regions where the  e x i t  t o t a l  pressure i s  f l a t  w i th  d i s t i n c t  s t a t o r  i 
wakes (50% span - 95% span), t he  peak pressure c a r r i e d  forward along a I 
streaml ine t o  t h e  s t a t o r  leading edge was designated t o  be t h e  r o t o r  e x i t  1 
t o t a l  pressure. I 
i 
b. I n  reglions where the  e x i t  t o t a l  pressure was not  f l a t ,  the  average o f  the  1 
t h ree  h ighest  e f f i c i ency  po in ts  a t  the  s t a t o r  e x i t  was c a r r i e d  forward t o  
t h e  s t a t o r  leading edge along a s t r e w l i n e  and designated t o  be t h e  r o t o r  
ef f i c i  ency , 
s 
This procedure was used f o r  the  5, 10, 15, and 30 percent span data. Examples 
o f  l o c a l  e f f i c i e n c y  p r o f i l e s  are given i n  F igure  14. 
Thi s  a l t e r n a t i  ve data ana l y s i  s  method provided a reasonab l e  r o t o r - s t a t o r  loss 
s p l i t ,  as shown i n  Figure 15. The s t a t o r  loss waP e s s e n t i a l l y  t he  same as when 
p rev ious l y  t e s t e d  w i t h  the  precompression r o t o r  ( ref .  3 ) .  Table V summarizes 
i 
1 
r o t o r  performance determined w i th  both ana lys is  met hods. 1 
Des i gn 
A l t e r n a t i v e  Data 
Analys is  Method 
TABLE V 
ROTOR PERFORMANCE VS METHOD OF DATA ANALYSIS 
Rotor Adi abat i c E f f i c i e n c y  
E f f i c i ency ,  % f rom Design, % 
Peak Pressure Met hod 87.6 +O. 8 
The a l t e r n a t i v e  data analys is  method was used f o r  a l  l o v e r a l l  performance and 
b l ade e l ement data ana l yses . 
Flow blockage fac to rs  were used t o  provide e f f e c t i v e  f l ow  areas f o r  s t a t i c  
pressure and v e l o c i t y  ca l cu la t i ons  at blade-row s ta t ions .  Axia l  d i s t r i b u t i o n s  
o f  f l o w  blockage f a c t o r s  were selected so t h a t  the  hub and t i p  s t a t i c  pressure 
obta ined frm t h e  f l o w f i e l d  c a l c u l a t i o n  matched t h e  wal l s t a t i c  pressure mea- C 
suranents f o r  a representat ive data po in t  a t  design speed. The ca lcu la ted 
I.D. and O.D. s t a t i c  pressure d i s t r i b u t i o n  obtained using the  design blockage 
f a c t o r s  showed good agreement w i t h  the measured wal I s t a t i c  pressures (F igure  
15). The design f low-blockage f a c t o r s  used i n  the  data reduct ion  f l o w f i e l d  E 
c a l c u l a t i o n  are shown i n  Table V I .  
TABLE V I 
FLOW FIELD BLOCKAGES 
S t a t i  on 
Upstream t o  Rotor 
Leading Edge 
B lockage, % 
Rotor T ra l  l i n g  Edge 3 .3  
Sta to r  Leading Edge 3.3 
S ta to r  T ra i  l ing  Edge 
and Downstream 
To c a l c u l a t e  performance a t  blade leading and t r a i l i n g  edge, the  f l o w f i e l d  
analys is  program was used t o  t rans  l ate data along streamlines from i nstrumen- 
t a t i  on p l anes t o  b l ade edges, 8 lade e l anent performance par m e t e r s  were ca l cu- 
l ated f o r  each stream l i ne, and l i nea r  i nterpo l a t i  ons were made between stream- 
l ines  t o  provide data a t  selected r a d i a l  locat ions. For the  548.6 m/sec (1800 
f t / s e c )  fan, these locat ions were def ined by design streamlines t h a t  pass 
through the t r a i l i n g  edge o f  the  r o t o r  a t  5, 10, 15, 30, 50, 60, 75, 70, 85, 
90, and 95 percent of passage height.  Performance parameter d e f i n i t i o n s  are 
g iven i n  Appendix B. The output o f  the f l o w f i e l d  ana lys is  program a lso  i n -  
cluded ove ra l l  performance o f  t h e  r o t o r  and s t a t o r  as we l l  as f o r  the  stage. 
5,O RESULTS AND DISCUSSION 
5.1 SHAKEDOWN AND STATOR STAGGER ANGLE OPTIMIZATION 
The shakedown t e s t  inc luded measurements o f  r o t o r  and vane s t ress  along a wide 
open t h r o t t l e  l ine.  A l l  s t ress  leve ls  were found t o  be w i t h i n  acceptable 
l i m i t s .  The shakedown t e s t  was conducted w i t h  the s t a t o r  stagger angle set  a t  
the  nominal (design) se t t i ng ,  
The optimum s t a t o r  stagger angle was determined a t  100 percent design speed by  
vary ing the  vane stagger angle from the nominal s e t t i n g  t o  5 degrees open and 
5 degrees closed. The r e s u l t i n g  performance and surge 1 i n e  data are shown i n  
Figure 17. The nominal vane s e t t i n g  achieved the  maximum stage e f f i c i e n c y  
wi thout  s a c r i f i c i n g  f l ow  range o r  surge margin. The s t a t o r  recovery vs stagger 
s e t t i n g  i s  shown i n  F igure  18 and confirms t h a t  the  nominal s e t t i n g  i s  o p t i -  
mum. The naninal s t a t o r  s e t t i n g  was chosen f o r  t he  performance t e s t  program. 
A f t e r  op t imiz ing  t h e  s t a t o r  stagger angle, a complete s t ress  survey program 
was run. Again a l  l s t ress  leve ls  were w i t h i n  acceptable l i m i t s .  Fol lowing t h e  
st ress survey program, performance data were acquired f o r  the 100 percent 
speed1 ine  t o  recheck the inst rumentat ion p r i o r  t o  the  performance t e s t i  ng. 
These data i n d i c a t e d  a decrease i n  t he  e f f i c i e n c y  l e v e l  re1  a t i v e  t o  t h e  pre- 
v ious data. F igure  19 shows t h e  d i f ference between the  da ta  acquired du r ing  1 ,  
s t a t o r  op t im iza t i on  (before t h e  s t ress  survey) and the  data obta ined dur ing  i 
the  perfonnance t e s t .  The most s i g n i f i c a n t  d i f f e r e n c e  was the  d e t e r i o r a t i o n  o f  i 
stage peak ad iaba t i c  e f f i c i e n c y  frm 83.4% t o  82.8%. The spanwise stage e f f i -  ! j 
c iency  p r o f i l e s  shown i n  F igu re  20 were examined t o  determine the  source of i 1 t h e  performance deter io ra t ion .  Small efficiency 1 osses were seen near the  hub 
and i n  the 85 t o  90 percent span region. The spanwise stage t o t a l  pressure 
p r o f i l e s ,  shown i n  F igure  21, i n d i c a t e d  t h a t  s l l  ght decl ines occurred i n  t he  
r e g i  ons w i  t h  reduced e f  f i c i  ency. 
The f o l l o w i n g  steps were taken t o  i d e n t i f y  t h e  source o f  the e f f i c i e n c y  de- h 
t e r i  o r  a t i  on: 
o Reneasured S t a t i c  Blade T i p  Clearance 
o Cleaned R i g  o f  Accunul ated D i r t  
o  Check Ax ia l  Locat ion  o f  Rotor  
o Repaired Minor Leading Edge Damage 
o Acquired Performance Data w i t h  S ta to r  Se t t i ngs  Mod i f i ed  by 1.25 Degree 
Increments t o  V e r i f y  E x i t  A i r  Angle. 
These e f f o r t s  f a i l e d  t o  reveal  the source of the performance loss .  A f t e r  com- 
p l e t i o n  of t h e  t e s t  progran, t h e  r i g  was disassembled and c a r e f u l l y  examined, i 
and i t  was discovered t h a t  t h e  rubber seals cover ing  the  leakage path hetween i 
r o t o r  p la t fo rms had been destroyed. These miss ing seals are t h e  suspected 
cause of the  performance de te r i  o r a t i  on. Since the  damaged p l  a t f  orm seal s  were ! 
t h e  on l y  source o f  d e t e r i o r a t i o n  1 den t i f i ed ,  t h e  83.4% stage e f f i c i e n c y  mea- 
sured before d e t e r i o r a t i o n  occurred i s  be1 ieved t o  represent  t he  t r u e  e f f i -  
c iency p o t e n t i a l  o f  t h i s  stage, although t h e  bulk  ol the data presented and 
d i  scussed he re i  n r e f  1 ects performance 1 eve1 s a f t e r  the  i n i  ti a1 de te r i  o r a t i  on 
had occurred, A d d i t i o n a l l y ,  t h e  data p o i n t  taken p r i o r  t o ' d e t e r i o r a t i o n  i s  
shown i n  the  f i g u r e  f o r  reference t o  i n d i c a t e  the  p o t e n t i a l  f o r  t h i s  stage, The 
p r i o r  t o  d e t e r i o r a t i o n  data are a lso sumnerized i n  t abu la r  form at t h e  end o f  
Appendix C, pages 170 and 171. 
5.2 OVERALL PERFORMANCE I 
The o v e r a l l  performance of the  fan stage i s  smmar i  zed by t h e  stage pe r f  or- 
mance map i n  F igu re  22. The map ind i ca tes  t h a t  at t h e  design speed peak e f f i -  
c i ency  p o i n t  t h e  mass f l w  was approximately the  same as the  design l e v e l .  The 
t o t a l  pressure r a t i o  was 2.20 as canpared w i t h  t h e  design value of 2.28. The C 
stage adi abat i  c  e f f i c i e n c y  was 82.8%, o r  1% below the  design goal. This  po in t  
i s  i d e n t i f i e d  as (04) on F igure  22. The poi n t  i d e n t i f i e d  as (07)  was c l  ose t o  
the  stage opera t ing  l i n e .  Here the  stage e f f i c i e n c y  was 81.69'6, and the  pres- 
su re  r a t i o  was 2.26. The mass f low at t h i s  p o i n t  was 1.9% below the  design f 
l e v e l ,  A t  design speed the  s t a l l  margin was 13% from the peak e f f i c i e n c y  p o i n t  
and 10% f r a n  t h e  design opera t ing  l i n e  point ,  A d d i t i o n a l l y ,  t he  data p o i n t  
taken p r i o r  t o  d e t e r i o r a t i o n  i s  shown i n  the f i g u r e  f o r  reference i n  order t o  
i n d i c a t e  t h e  po ten t i  a1 f o r  t h i s  stage. The p r i  o r - t o - d e t e r i o r a t i  on data are  
a1 so surmari zed i n  tabu1 ar form at the  end o f  Appendix C, pages 170 and 171. 
The in f luence o f  speed over the envelope o f  rrraximim c f f i c i  ency f o r  ttii s stage 
was u t l l i  ke t h a t  observed f o r  fans designed a t  ~ t~odera te  in l  e t  Mach nuabers, 
Here the t rend  of nlaxi~riulr e f f i c i e n c y  versus speed peaked 1 ocal l y  a t  LLk? design 
spaed, suggest ing t h a t  the r o t o r  was opt in i l  zed a t  t h e  co r rec t  speed. Howover, 
i t  a lso  ind ica tes  tha t  w i t t i i n  a p r a c t i c a l  operat1 ng ran* thcrfi would bo a 
substantal off-design-speed penalty, The abrupt F a l l - o f f  i n  peak efficiency ah 
95 percent speed i s  bel ieved t o  be the r e s u l t  o f  increased shock l o s s  as the  
shock s t r u c t u r e  rnoves forward of t h e  Iead lng edge and becanes inore n e a r l y  
non~ la l  t o  t i i e  flow, 
Evidence t o  support the concl us1 on t h a t  the  st-lock lrioves fo rward  at  p a r t  speed 
was provided by t l i e  t i p  s t a t i c  pressure data a t  t h e  95 and 100 percent speed 
peak e f f i c i e n c y  condi ti ons . Figure  23 shows t h a t  at  100 percent  speed the d i  f- 
f u s i o n  began gradua l ly  at t h e  leading edge, suggesting t h a t  t h e  shock s t ruc-  
t u r e  was contained w i t h i n  the  r o t o r  passage. I n  contrast ,  a t  95 percent; speed 
t h e  steep pressure r i s e  began inirredi a t s l y  at  t h e  1 eading edge, and L he 1 ast 40 
percent o f  chord con tri txrted f a r  1 ess t o  the t o t  a1 d i  f f  us1 on. The concl us i  on 
t h a t  t l ie  v a r i a t i o n  i n  r o t o r  e f f i c i ency  was associated w i t t i  t h e  change i n  shock 
s t r u c t u r e  i s  supported by t h e  data f r a n  reference 6. This 407.6 m/sec (1600 
f t /sec)  fan tes ted  under NASA Coti tract NAS3-13498 exhi  b i t e *  a s i ~ n i l  ar t rend o f  
peak e f f i c i e n c y  vs speed, and t~olograrrr data was sllown which denonstrates the  
shock movanent. The .t;endency t o r  s t rong shocks and h i  gh shock 1 osses a t  spceds 
be1 w design but  w i t h i n  the nonnal operat ing range appears t o  be a basic 
prob l  en i t i  t h i s  desi gn speed range and rnay 1 11nit the  usefulness of h igh  speed 
fans unless stlock s t reng th  can be c o n t r o l l e d  over a range of speeds. 
The r o t o r  performance i s  sulrinarized by t h e  lnap i n  F igure  24. A t  t h e  design 1 
speed peak e f f i c i e n c y  po in t ,  t h e  r o t o r  t o t a l  pressure r a t i o  was 2.26 a$ con- ! 
pared w i th  t i i e  design l e v e l  of 2.34. The r a t o r  ad iabat ic  e f f i c i e n c y  was 06,1%, 
which was 0.7% below the  design goal and 1,s above the  performance of the i 
precanpression r o t o r .  The r a t o r  lnap also e x h i b i t s  t h e  l o c a l  peak i n  t h e  t rend  1 I 
of tiiaxiliiun e f f i c i ency  vs speed, which i s  a t t r i  buted t o  the  shock u n s t a r t i  ng I 
phet~orlenon . 1 
5.3 BLADE ELEEEM DATA 
The spanwisc comparisons of the blade-elstrent da ta  t o  t h e  design i n t e n t  are 
sulnnarized i n  Figures 25 t o  30, The design speed peak e f f i c i ency  po in t  and 
operat ing l i n e  po in t  have been selected f o r  Chis comparison. Figure 25 shows 
t h e  stage spanwise t o t a l  pressure p r o f i l e  canpared w i th  t h e  design i n t e n t  and 
w i t h  the t e s t  r e s u l t s  from the preco~npression r o t o r  t e s t .  The measured t o t a l  
pressure at peak e f f i c i ency  was below design i n t e n t  except at  t he  hub. A t  t h e  
design opera t ing  l i n e ,  t he  pressure r a t i o  was s t i l l  below the design leve l ,  
r e f l e c t i n g  t h e  f a c t  t h a t  t he  measured nlass f l ow  was below design i n t e n t .  
The stage spanwi se adi abati c e f f i c i e n c y  p r o f i l e  i s  presented i n  F igu re  26. The 
measured e f f i c iency  exceeds t h e  design goal between 60 and 85 percent span, 
r e f  l e c t i  ng a s i g n i f i c a n t  inprove~nent i n  shroud 1 oss. The e f f i c i e n c y  exceeds 
t h a t  o f  t h e  precanpression r o t o r  t e s t  between 50 percent span and t h e  t i p .  
Between 85 and 95 percent span the  improvement i s  very subs tan t ia l .  The t i p  
r 
15 
clearance r~~easure~ler t ts  suggest t ha t  o n l y  a s n ~ a l l  p a r t  o f  t h i s  itnprovanient cnri 
be t t r i b u t e d  t o  t i g h t e r  t i p  clearances. The runn ing  t i p  clearance was 610 x 
10-g l ~ l e te rs  (0.021 i n.) f o r  the present r o t o r  and 762 x 10-6 n le t f rs  (0.030 
i n , )  f o r  t t ie  precanpression r o t o r ,  Only 0.1 t o  0.2% o f  the 1.3% itnprovanent i n  
r o t o r  efficiency re1  a t i  ve t o  the p r e c o ~ ~ ~ p r e s s i o n  r o t o r  i s  a t t r i b u t a b l e  t o  t h l  s 
d l f f e r c n c e  i n  t i p  clearance, The r a t o r  t o t a l  pressure r a t i o  and ad iaba t i c  ef- 
f i c i e n c y  compari sons i n  F igures 27 and 28 show tt ie sail@ comparison trends as 
t h e  stage data. F igure  29 shows t h e  ta l tperature p r o f i l e  f o r  the  peak n f f i -  
e i  ency and oper a t i  ng 1 i ne  poi n t  , The h i  gh tenper a tu re  a t  the ti p corresponds 
t o  t h e  f a l l  o f f  i n  t i p  e f f i c iency  be1 ow design J ntent.  The trnlperature r a t i a  
i s  below design i n t e n t  i n  the  shroud reg ion  where the  e f f i c i e n c y  exceeds 
desl gn i ntent. Near the  hub t h e  tarrper ature r a t i o  r e f l e c t s  t h e  l o c a l  t i i  gh 
pressure r a t i o  hh i ch  r e s u l t e d  frail l ess  than expected dev ia t i on  i n  t h i s  re -  
gion, Figures 30 and 31 canpare the  design val ues o f  1 oss, d i f f u s i o n  f actor ,  
dev i  a t i  on, and inc idence t o  the t e s t  r e s u l t s  f o r  the r o t o r  and s t ~ t o r .  At; peak 
e f f i c i e n c y  t h e  r o t o r  inc idence i s  I n  reasonable agreanent w i t h  the  design i n -  
tent;, The r o t o r  l o s s  i s  above the  design l e v e l  except i n  the shroud reg ion .  
The r o t o r  d i f f u s i o n  f a c t o r  i s  i n  good agreonent wJth t h e  design i n t e n t .  
Ttie v a r i a t i o n  i n  the shapes o f  the design and t e s t  inc idence curves corre-  
sponds d i r e c t l y  t o  the design- test  discrepancy o f  r o t o r  f l  Vm r a t i o  i n  F igu re  
32. The P V,, r a t i o  varsiat ion, however, i s  n o t  be1 ieved t o  be the  cause, bu t  
r a t h e r  a secondary synptan OF a fundanental data analys is  problen, F igu re  33 
describes the  e f fec t  of using i n t r a b l  ade throughf low ca l cu la t i ons  an t h e  pre- 
d i c t e d  incidence, The discrepancy here (us ing  the  sane mass f l ow)  4s v i r t u a l l y  
t h e  sarrle as t h a t  siiown i n  F igu re  30. The d i f fe rences between t h e  design and 
t e s t  incidences were caused p r i n l a r i l y  by t h e  f a c t  t h a t  the  design aerodynamic 
c a l c u l a t i o n  was done w i t h  an i n t r a b l a d c  procedure w h i l e  the data reduc t i on  
ana lys is  was not. The shape of t h e  t e s t  inc idence curve, whjch cannot be re -  
1 i a b l y  evaluated w i thout  an appropriat;e i r i t r a b l  ade ca l cu la t i on ,  i s  be l ieved t o  
be i n  b e t t e r  agreenent w i th  design intent: than i n d i c a t e d  by t h e  data analys is .  
The r o t o r  devi a t i  on shows the  most s i  g n i f i c a n t  d i  screpancy between t e s t  re-  
s u l  ts and desi gn i ntent,  The over predi c t i  on o f  t h e  devi a t i  on near t h e  hub and 
t h e  under p r e d i c t i o n  of the devi a t i  on i n  the outer  h a l f  of  the span r e s u l t e d  
i n  the corresponding discrepancy between t h e  desi cjn i ntentc t o t  a1 pressure 
p r o f i l e  and the  t e s t  r e s u l t s .  The d e t a i l e d  v a r i a t i o n  o f  t h e  r o t o r  and s t a t o r  
b lade e l  anent perfomlance vs inc idence i s  prov ided i n  F igures 34 and 35. These 
da ta  are i n  general agreanent w i t h  the design p r i n c i p l e s  of reference 1, The 
i nd i  vf dual f low f i e l d  defi n i  ti ons f ran  which t h e  blade c l  anent data were 
o b t a i  ned are  avai 1 abl e i n Appendi x C . 
5.4 ROTOR T I P  STATIC PRESSIJRE CONTOURS 
High frequency response s t a t i c  pressure taps were i n s t a l l e d  over the r o t o r  t i p  
f o r  the purpose of q u a l i t a t i v e l y  de f in ing  t h e  f l o w  f i e l d  i n  t h e  t i p  reg ion  o f  
the r o t o r .  Unfor tunate ly ,  t h e  probe a t  18 percent  chord was n o t  i n s t a l l e d  be- 
cause t h e  threads i n  t he  hole had been danaged du r ing  assanbly, and t h e  r e -  
corder  f o r  the  31 percent  probe malfunct ioned. No data are a v a i l  ab le between 
t h e  lead lng  edge and 13 percent chord, and t h e  pr imary ( lead ing  edge) shock i s  
t undefined. The oper a t i  ng poi n t s  f o r  whi cl i  the  ti p h i  gh frequency response 
ptaessure data were abkained are  stiowrl i n  F igu re  36, The data obtatnod on 95, 
100, a id  105 percent speed l i n e s  are presented as isobar  p l o t s  i n  F igures  
37a-37k, The 100 percel i t  speed l o w  p r w s u r e  r a t i o  f l ow  f i e l d  i n  F i g u r c  37a 
stlows a t r a i l i n g  e d g ~  shock. A segnent OF t h e  tending edge shock itnpinging on 
the s u c t i o n  sur face near t ire 60 p e r c ~ n t  chord can a lsa  be seen, Tha s a l e  fea- 
t u res  are observed at t t ia s l i  g i l t l y  h i  gticr pressure r a t i o  peak e f f i c i e n c y  p o i n t  (37b) except t h a t  the t r a i l i n g  s;d@ shock i s  s l i g h t l y  wedker, A t  the two 
tit gtier pressure rltti o po in t s  (3?c, d) , the  t r a i l i n g  edge sliock vanist~es and 
the 1 eadl ng e d p  data  suggest t ha t  t t ie 1 cadi ng ed* slwck becatres i nc reas i  n g l y  
detaetied. The 95 percent design speed data (F igure 37e) show a t r a i l i n g  edge 
stnck t h a t  tasvos forward a t  t;he h igt ier  pressure r a t i o  (37 f ) .  A t  the neart surge 
po in t  (379) t h e  l ead ing  edge shock i s  agaln detached. 
A t  the 105 percent  design speed ctioka po in t  (F igure  3?h), a s t rong shock i s ,  
abservecl downstream o f  t he  t r a i l i n g  edge, As t he  pressure r a t i a  i s  increasedj  
the aft; stmck weakens and rnoves i n t o  tt ie passage (Figures 371, j, k ) .  No i ndi-  
ca t ion  of the detached lead ing  edge sliock was observed a t  t t ic  105 percent  
speed condi t l  on, 
5.5 ROTOR LEADING EDGE HOT FILM DATA AT S M G E  
H o t - f i l n ~  data were taken a t  surge i n  t he  ledd ing  edge plane f o r  t h e  r o t o r  hub, 
midspan, and t i p .  In F igu re  38 the data are presented For the  naninal s t a t o r  
s e t t i n g  at 95, 100, and 105 percent o f  design speed and f o r  t t ie 5 degrees open 
and 5 degrees closed se t t i ngs  at 100 percent spend, Rota t ing  s t a l l  d i d  no t  
occur du r ing  thcsse tes ts ,  
1. The peak e f f i c i e n c y  f o r  t h i s  stage at design speed was 82.8% at a p o i n t  
s l i g h t l y  below the  opera t ing  l i n e .  T l i is  i s  one percent below the design 
goal . 
2. A t  design s p e d  near the design opera t ing  l i n e  the  e f f i c i e n c y  was 81.6% a t  
a flow 1.9% be1 ow design and a pressure r a t i o  of 2.2Gf~-desi gn goal was 
2.28. These val ues were flleas ured a f t e r  per f  orrttance de te r i  o r a t i  on, 
3, The i n d i c a t e d  e f f l  c iency po ten t i  a1 f o r  t h i s  stage, as rr~easured before per.. 
fonnance de te r i o ra t i on ,  was 83.4%, which i s  0.4% below the design goal. 
4. The r o t o r  peak e f f i c i e n c y  was 86.1% ( a f t e r  0.6 percent: d e t e r i o r a t i o n  i n  
stage perfonnance), which i s  a 1.3 improvelltent r e l a t i v e  t o  the precom- 
pression r o t a r ,  but  i s  0.7% below t h e  design goal. Before perfomlance de- 
t e r i o r a t i o n ,  t h e  peak r o t o r  e f f i c i e n c y  e s s e n t i a l l y  met i t s  design goal.  
5, The s t a l l  n ~ a r g i n  was 13% f o r  t he  peak e f f i c i e n c y  p o i n t  and 10% f o r  t h e  
design speed opera t ing  l i n e - - t h e  design goal was 7%. 
6. High shock losses a t  speeds below design and t h e i r  e f f e c t  on e f f i c i e n c y  
may 1 i m i  t the pr  a c t i  cal appl i c a t i  on o f  f arls i n t h i  s des i gn speed range , 
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APPENDIX A 
SYM30LS 
A area, meters2 ( i  nches2) 
aver age 
s p e c i f i c  heat  a t  constant  pressure, ,joule/kg-K ( ~ t u / l b n - R )  
1 D d j f f  us1 on f a c t o r  i 
conversi  on f a c t o r  - 32.17 1 bm-f t/ 1 b f -  sec2 
inc idence angle, angle between i n l e t  a j r  d i r e c t i o n  and 
1 i ne  tangent t o  bl ade mean camber 1 i ne a t  1 eadi ng edge, 
degrees 
i n c i  dence angle, angle between i n l e t  a i r  d i r e c t i o n  and 
li ne tangent t o  blade suc t i on  su r f  ace a t  leading edge, 
degrees 
cunversi on fac to r ,  1.9Qn-kg/joul e (778 f t - l b f / C t u )  
Mach nunber 
r o t o r  speed, r p n  
t o t a l  pressure, ~ / m 2  or 1 h f / f t 2  
s t a t i c  pressure, ~ / m 2  o r  l b f / f t 2  
gas constant f o r  a i r  
rad ius  measured from r i g  cen te r l i ne ,  meters ( inc l ies)  
stream1 i ne nunber 
t o t a l  tanperature, K (OR) 
s t a t i c  temperature, K (OR) 
blade rnaximun thickness, meters ( i  nches ) 
r o t o r  speed, m/ sec (f t/ sec) 
a i r  ve loc i t y ,  m/sec ( f t / s e c )  
mer id ional  v e l o c i t y  ( v ?  4 ) 1 / 2 ,  m/sec ( f t / s e c )  
' tangent ia l  ve loc i t y ,  m/sec ( f t / s e c )  
mass Flow r a t e ,  kg/sec ( l h / s e c )  
SYFlBDLS (Con ' t ) 
t a x i a l  diatnricr - nrptrrs (inchen;) 
? nhno l u  te a i r  angle,  cot-1 (Vin/VU 1, r l ~ g r e e ~  
P' r e l a t i v e  a i r  angle ,  cot-1 (V,n/Vo 1, deprres  
0 a i r  tu rn ing  angle, degrees 
Y r a t i n  of s p c c i f i r  h c a e ~  for  a i r  
S riirtio of t o t a l  presaucc to s tandard pressure  o f  1,01325 x 
lo5 ~ / m *  (2,116 x 103 1 h f / f t 2 )  
S o  dev ia t ion  angle,  e x i t  a i r  angle minus tangent t o  blade 
mean cambor l i n e  a t  t r a i l i n g  edge, degrees 
angle betwaen tnngcnt t o  a t  reamline pro jec ted  on 
meridional  plane and a x i a l  d i r e c t i o n ,  degrees 
0 r a t i o  of t o t a l  tcmpcraturc t o  atantlard t e m p ~ r n t u r c  o f  
288.16K ( 5 1 8 . 1 0 ~ )  
P mass dens i ty  - lcg/,n3 ( lbm/f t3)  
0 r s o l i d i t y ,  r a t i o  of aarodynatnic chord to gap betweeti blndcs 
w angular v c l o c i t  y of r o t o r ,  radi.at~s/scc 
0" t o t a l  pressurr;  loas  coef f i c i e t i t  
SUPERSCRIPTS 
1 r e l a t i v e  t o  ro tor  
J( blade mctal angle 
SUBSCRIPTS 
dcs , design 
i n  i n l e t  
m rncridianal d i r e c t i o n  
SURSCKXPTS 
I1 
P 
r 
( C Q I I ~ '  d )  
ealectad opara t ing  p o i n t  
poly t r o p l c  or p r o f i l e  
r a d i a l  d i r ec t ion ;  rad ius  
r a t i o  ( c . ~ . ,  PT,, * t o t a l  presllure r a t i o )  
r o t o r  Zandinq edge 
r o t o r  k r a i l i n g  edge 
s t n  t o r  landing edge 
stator t r a i l i n g  edge 
s u c t i o n  s u r f ~ c c  
a x i a l  carnponent 
t a n g e n t i a l  componrnt 
plenun c l ~ m b e r  
s t a t i o n  a t  r o t o r  i n l e t  
s t n t i o n  a t  rotor  e x i t  
s t a t i o n  a t  s t a t o r  i n l e t  
s t a t i o n  a t  s t a t o r  e x i t  
APPENDXX S 
PERFQRMlSNCE PARAMETERS 
a )  Rela t ive  t o t a l  tempnratura 
b)  Incidence angle  bnscd on mean camber l ine 
Incidence angle based on suc t ion  su r f ace  metal angle  
( r o t o r )  'LN 
( r o t o r )  OilT 
(to t o r  
( s t a t o r )  
( r o t o r )  
( s t a t o r )  
( r o t o r )  
( s t a t o r )  
d l  DifEuaLsn factor 
V '  K'CE pRTEV Q ~ T E  - L'V o RLB D I 1 r -  + * - 
V '  RLE ( ~ R T R  * %LEI @V'RLE 
STE ~ s ~ B V  o SLB * ~ S T E V  D STE D = 1 ,* -b * --CIIIY----1(..-"- 
SLIS ( ~ S L E  + rgqtgj ~ " S L E  
e )  Loss coeff ic ient  
Q PI "l! , SLE PT , STE - 
E) Loss parsnretcr 
t 
Q cos P RTE 
Q COB P STE 
(ra tor 
Y -1 PT , RTE 
- 
In 
Y P ~ l  RLE
q p w --7- w.,-,m 
' r ~ ,  WE 
In .--,+.". 
?T, KLE 
Y -1 PT , STE 
6 7  
In 
Y P ~ ,  RLE
q p r  - 
TT, STE 
In - 
TT, KLE 
'lad t -.-- 
i )  Surge margin 
Rcferrncc. 
P o i n t  or 
Operat ing P o i n t  
APPENDIX C 
Overa i 1 and 3 1 ade E I enient Perf orrnance Tabu l a t i  on$ 
Ues i gn Stagger 
PRECEDING PAGE BLANK NOT FlLULD 
t O W U T f R  Th3LE SWBOL TRANSlATlON 
i AIRFO!L AERODYNAMIC SUKVARY PRINT xr PERCENT ESIW SPEED (ROT% PERFORFUNCE) RUN NO rxr SPEED CODE 81 POINT NO r Y ?t 're: 'l..:' VH-1 V!l-t VIY-I YO.2 U-1 U-2 V ' - 1  V ' 9 2  VOi-1 V O ' 4  AtiOVM-I RIIOVH-2 IPS!-l E P S I - 2  
IfliSrl: 1 s t  Sbl; WStC V/SC(; H/SEC M/SEC M/SEC M/SEC W S E C  M/SEC II/SEC M/SEC k0/M2 SCC KG/MZ SEC RADIAN RADIAN 
1 
COWUT~R TABLE S Y ~ O L  T n n e L a I o n  
t ,\YffOlL AEROO'IWAMlC SUMPARY PRf.L(T 
C 18 MUCENT D€$lGN SPEED (STATOR PERFORWINCE) RUtI NO UKR SPEED C O X  rrc ;OINT NO I! 
SL V.1 V.2 VM-1 VM.2 VO-1 VO-2 RIIOYH.1 AIIUVH.2 E P S I - 1  EPSI -2  
CI/SEC M/SEC YISEC SI/SEC H/SEC H/SEC KGIML SEC KGIBZ SkC JIAPIAH RADIAN 
! 
6 
9 
SL 0.1 1.2 M-i H-z INCS ~ t c c n  DEV TURN Q.FAC OMEGA-B LOSS-P ~ 0 2 1  POIPO m/ro XSFF-A XEFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE OEGREE TOTAL TOTAL PO1 STAGE STAGE TOT-STOTOT-ST6 
1 




50 PERCENT DESIOI SPEED (ROTQP. PERFmWNE) 
B-1 
DEGREE 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8 ' -1. 
DEGREE 
55-78 
65.77 
65.82 
66-73 
69-03 
70.15 
70.65 
71.19 
72-91 
73-43 
73.a2 
8 '-2 
DEGREE 
19.34 
-26.09 
33.25 
45-94 
55 -47 
5B.m 
59.33 
59-53 
63.74 
56.96 
70.81 
INZS 
DEGREE 
0.70 
2.05 
3-38 
4.81 
4-07 
5.9: 
5.21 
5.67 
5.77 
5.32 
4,  n 
Iiia(1 
DEGREE 
4.59 
5-76 
6-77 
7. a9 
6.R 
6-74 
6.m 
7-23 
7.19 
6.70 
6-13 
DEV 
DEGPSE 
7-40 
8.30 
9.80 
10.33 
9.90 
8.50 
6.95 
5- 93 
5.27 
6-43 
8-20 
D FAC 
0.4032 
0,4056 
0-3901 
8.3705 
0.3663 
0,3632 
0-3445 
0-3311 
0.312% 
0.3214 
0.32% 
%EfF -P 
TOTAL 
5.40 
94.53 
85-97 
95-56 
%-36 
78-55 
79-66 
39-32 
75.07 
ria- 71 
52-50 
U-2 VL-1 V1-2 '&'-I YO"2 RHWM-I 
n n E c  FTISEC FTISEC FT/SEC FTJSEG LEWH~XC 
544.5 513.0 401.0 469.0 -134.4 15.75 
560.0 546.1 415.9 -499.0 -383.3 16-?7 
575.6 578.3 438.6 -523.4 -240.1 17.n 
622.2 658.9 491.8 -605.6 -352-6 19.47 
684.3 740.5 541.5 -69; 4 -446.4 19-85 
n5.4 776.3 56.5.6-730-1-484.8 19-75 
731.0 793.3 589.5 -748.5 -508.4 19.69 
746.5 810.2 610.7 -766.9 -528.0 59-58 
793.1 858.7 655.1 -820.6 -58i3.9 18.98 
808.7 873.8 656.7-837.4-605.3 18.75 
C24.2 888.5 660.6 453-4 -624.4 18.59 
TOEfiOl PO2/Ml EG-AD EFF-P 
R(IT@3 ROTOR 
% Z 
i.0599 1-195 85-35 a5.n 
AIRFOIL AERODYFtAMIC SLIIMA'RY PRINT 
50 PERCE~K DESIGN SPEED (STATOR PERFORIN~CE) RU~U NO 111 SPEED CODE 50 POINT NO I 
SL V - 1  V-2 VA1 VI4-2 V0-1 VD-2 RHOVl4-1 RHOVM-2 EPSI-1 PSI-2 
M/SEC MEIEC M/SEC M/SEC M/SEC M/SEC KG/lilZ SEC %G/IQ SEl: RADIAN IiADIAN 
1 177.2 179.5 128.2 179.5 122-3 4.6 163.69 218.78 0.46% 0.0836 
2 168.4 177.1 125.0 177.1 112-7 1.3 160.31 218-50 0.4124 0.0729 
P 3 158.3 169.9 122-2 169.9 100-6 -2.8 157.40 211.72 0.3508 0,0634 
4 140.7 147.8 114-8 147.7 81.3 -6.7 1C5.32 185.86 0,1995 0.0364 
-= - 5 125.5 132.4 102-6 132.4 72-3 -3.1 1 166.68 0-05?3 -0.0028 --*= 
i 6 120.5 129.5 98.0 129.5 70.3 9 125.17 162.82 -0,0142 -0.0248 
i 7 121-0 129.8 100.1 129.8 68-0 -2.0 127.90 163-17 -0.0493 -0.0355 
I * /  8 122.5 130.5 102.6 130.4 66.9 -2.6 131.09 163-92 -0.0897 -0,0462 9 117.2 126.3 98.9 126.1 63.0 -6.7 125.70 157-57 -0.1763-0.0761 10 111.1 120.1 91.6 119.8 62.9 -7-9 115.92 148.87 -0.2103 -0.0866 
i !  il 193.5 111-6 82.9 110.9 62.1 -11-7 lE.44 137-07 -0.2551 -0.0967 
i l  
SL 0-1 8-2 M-1 M-2 INCS IHCM DEV TURN D-FAC OMEG4-B LOSS-P W2/ BIPG mfiQ XEFF-A %FF-P 
DEGREE DEUtEE DEGREE DEGREE DEREE DECREE TOTAL TOTAL PO1 S A Q  STAGE TOT-ST6 T O W 6  
1 45.8 1.4 0.5355 0.5431 -8.64 -5.63 15-29 44-38 0.1326 0.2332 0.0537 0.9585 1.2252 1.07312 77-52 78-32 
i 2 43-8 0-4 0.5087 0.5364 -8.67 -5.54 12.37 43-35 0.0!)28 0.1462 0.0343 11.9763 1.2309 2.025 84-53 86-93 3 40.6 -0.9 0-4781 0.5152 -11.15 -7.79 9.91 41.55 0.0;3137 0.09%) 0.0234 0.9860 1,2327 1.06Ftf 89-53 89-83 
f 4 35.6 -2.6 0.4246 0.4472 -17.34 -13.10 7.43 38.2G 0-OV75 0.1308 0.0339 0.9350 1,1874 1.0379 87-;05 87,S 5 35.2 -1.3 0.3779 0.3993 -18-77 -13.41 8.75 36-52 0,1027 0.1003 0.OZ7l 0.99D7 1,1632 1.0565 f8.24 723.22 G 35.7 -0.E 0.3626 0.392 -18.15 -12.41 L26 36-50 0,0929 0.0667 0.0186 (3,9242 1.1W 3.0570 75.19 75-7i I 7 34.2 -0.9 0.3640 0-3911 -19.60 -13.73 9.28 35.06 0.0945 0.0725 0.0205 0-9936 1,15B lI,i15W 75-93 76-48 
k 8 33.1 -1.1 0.3635 0-3932 -20-iU -14.31 9.12 34.25 0.0979 0.0783 0,0225 0.9930 1.1% 1.05E5 76-02 Z.51 9 32.6 -3.0 0.3523 0.3803 -23-31 -1:.09 9.34 35.64 0.lQ17 0.0882 0.0263 3-9928 2.1457 1.0552 70-70 72-26 I Iff 34.7 -3.e 0.3335 0.3609 -23.55 -17.31 10.03 38.46 0.13,55 0.1219 0.0369 0.9910 1.1325 1.@57@ 63-58 64-21 
i 11 37.3 -5-9 0.3101 0.3347 -26-38 -20.24 10.50 43.18 0.1432 0,1878 0.0573 0-9879 1,1161 1.0571 55-92 56.61. 
k SL V - l  V-2 YM-1 VPrZ VO-1 V13-2 RHOYH-1 RHOVM-2 P C T E  EPSI-I PSI-2 
FTISEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC tBM/FPSEC LBM/FPSEC SPM MGREE DEGREE 
1 581.4 589.1 420.6 588.9 401.4 15.2 33.52 44.81 0.0430 26.840 4.790 
2 552.6 580.9 410.0 580.9 370.5 4.1 32.83 44.75 0.0901 23.629 9-17? 
3 519.4 557.5 401.0 557.4 330.1 -9.2 32.24 43.36 0,1410 20.101 3.639 
4 461.5 485.1 376.7 484.6 266.6 -21.9 30.38 38.07 0.2989 11.433 2-W7 
5 411.9 434-5 336.7 434-4 237.2 -lO.C 2 6 , s  34.14 0.SDeti 3.367 -0.161 
1 6 395.8 425.0 321.5 425-0 230.0 -6.3 25.64 33.35 0.6103 -0.816 -1,418 7 397.1 425.8 328.4 425.8 223.2 -6.5 26.13 33-42 0.6598 -2.824 -2-332 
8 402.0 428.1 336.7 428.0 213.6 -8.5 25.85 33.57 0.7107 -4.626 -2.648 
: 9 3W.6 414-4 324.4 413.8 206.6 -22.0 25.74 32.27 0.B21) -10.100 -9,353 
1 10 364.7 394.0 300.6 333.1 206.5 -26.2 23.74 30.49 0.9101 -12.047 -4-965 
! 11 339.7 366.0 271.9 364.0 203.7 -38.3 21-39 28.07 0,571 -14.615 5,538 
4 NCORR WCORR WCORR mlm POZ/POL P O / F ~  EFF-AD EFF-P 
INLET INLET INLET STAGE STAGE STAGE STAGE 
RPM L B i a E C  KG/SEC % X 
6235.10 82-00 37.19 1,0599 0.9366 1.136 78-59 79-08 
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AIRFOIL AEROOYNWIC SWNRRY PRIM 
50 P E R C E ~ ~  MSIW SPEED (STATCR PERFORIVANCE] RQi NO 111 PEE0 COOE 50 POINT NO 5 
I 
EPSI-1 EPSf -2 
PADIAN RADIAN 
0.4657 0.0842 
0-4091 0.0738 
0.3493 0.4648 
0-2026 0.0392 
0,0596 0.0006 
4 -0 i41  -D.C!ZOS 
-0.0485 -0.0314 
-0,0798 -0.0422 
-0 .18~ -o.onx 
-0.2167 -0,G!344 
-0-2607 -0,C354 
SL B-1  3-2 M-1 W2 NCS I N M  DEV TlRN 0-FAC OMEGA-3 LOSS-P PO21 ?O/PO 
DEGREE DEGREE DESREE DEGREE DEGREE DFGREE TOTAL 2 HI1 STAGE 
1 49.7 2.0 0.5164 0.4772 -4.73 -1-78 15-91 47-67 0,2276 0.1942 0.W47 0.9577 1.2436 
2 47.3 0.9 0.4969 0-4739 -5.08 -1.95 12.89 46.42 0.8978 0.1249 0.0293 0.9806 1,2933 
3 44.5 -0.5 0.4698 0.4549 -7.31 -3.93 10.36 44-95 0.8850 0.0822 0,0197 0.986 1.2431 
4 40.9 -2.3 0.4127 C.3895 -12.04 -7.80 7.73 43.20 0.2212 0.0869 0.0220 0.9905 1.2113 
5 42.1 -2.1 0.3696 0.3459 -11.813 -6.53 7.92 44.23 0.2516 0.0558 0.0151 0.9950 1-1916 
6 42.5 -1.9 0.3630 0.3414 -11.29 -5.55 8.21 44-40 0.256Z 0,0464 0.0129 0.9960 1.1895 
7 41.5 -1.8 0.3654 0.3444 -12.33 -6.45 8.36 43.26 0.2535 0.0476 0.0135 0,9958 1,1910 
8 40.7 -2.8 0.3694 0.3487 -13.09 -7.09 8.43 42.55 0.2520 0.0504 0.0145 0.9955 1.1928 
9 42.4 -1.8 0.3548 0.3369 -13.49 -7.27 10.54 44.26 0.2630 0.0583 0.0204 0,9943 1,1825 
I 10 44.9 -1.9 0.3442 0.3247 -13.36 -7.12 11.92 46.76 0.2810 0,7921 0.0279 0.9927 1.1743 
11 46.8 -2.1 0.3374 0.3118 -16.84 -1G-70 14.32 48.89 0.3098 0.1477 0.0453 0.9988 1.1657 
i SL V - 1  V-2 VM-1 VM-2 YO-1 W-2 RHOVM-1 RHOVlY-2' PCK TE EPSI-1 EPSI-2 FrTISEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC LBM/r72SEC LBH/FT2XC SPAfJ DEGREE DEGREE 1 563.2 522.3 379.6 521.9 416.0 19.3 30.85 41.31 0.11430 26.6El 4.818 
2 542.0 517.9 378.4 517.8 388.1 8.5 30-92 41.91 0.0901 23.641 4.228 
3 512.5 496.7 372.9 496.7 351.6 -4.3 30-61 40.52 0.1410 20.014 3.715 
4 450.9 426.2 342.6 425.9 293.1 -17.0 28.20 34.99 0.2!339 11.fS37 2.245 
5 405.2 379.8 300.9 379.6 271.3 -14.2 24.62 31-14 0.5086 3.413 0.034 
6 398.6 375.4 293.8 375.2 269.4 -12.4 23.97 30.71 G,6103 -0.El9 -1.194 
7 401.2 378.7 300.6 378.5 265.7 -11.9 24-52 30.98 0.6598 -2.779 -1.801 
8 405.7 383.4 307.4 383.2 264.7 -12.2 25.07 31.34 0.7l07 -4-574 -2.420 
9 390.6 371.3 289.0 371.1 262.8 -11.9 23.44 30.12 0.8620 -10,335 -4.187 
10 379.6 358.5 270.2 358.3 266.7 -11.8 21.83 28.93 0.9101 -12.417 -4.836 
11 372.6 344.9 257.3 344.7 269.4 -12.8 20.73 27.68 0.9571 -14.935 -5.463 
NCORR WCORR UCORR TOAO PDZ/POl FUR0 EFF-AD EFF-P 
INLET INLET INLET STAGE STAGE STAGE STAGE 
RPM LBMtSEC KG/SEC X % 
- 6233.20 75.60 34.29 1.0689 0.9903 1.2037 79.06 79-61 
0 
-4 
m/ro xm-4 XEFF-P 
STAGE TOT-STG TOT-SG 
1.0799 80.57 81.17 
1.0359 86-94 87-35 
1.0704 91.23 991.49 
1.0637 88-53 88.85 
3-0645 79-61 80.12 
1.0667 76-42 77.00 
1.0671 76-48 77-05 
1.0681 75-04 36.63 
1.0712 69-06 69.80 
1.0734 64.B 54-91 
1.0754 59.48 60.36 
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AIRFOIL AEROOYI4AMIC SLWARY PilItn 
0 70 PERCENT DESIGN SPEED (ROTOR PER@.YAlKE] R W  80  111 SPEED CODE 70 POIIK NO 5 t 
t SL V-1 V-2 V N - i  V1+2 VO-1 'M-2 If-1 U-2 V a - 1  V'-2 VOY-1 XIR3'-2 RHOVl"r1 MO"lYr2 PSI-1 EPSI-2 
I M/SEC M/SEC rcl/SEC M/SEC MfSEC ?r(/SEC M/SEC MfSEC M/SEC W/SEC M/SEC M/SEC KGM2 SEC hG/R SEC RaDIAIl RADI4U 
1 85.3 230.0 85.3 142.4 0.0 l a - 7  199.2 231.3 216.7 151-1 -199.2 -50.6 97.79 190.13 0,5053 0.5126 
2 91.2 221.5 91.2 143.3 0.5 168.9 212.0 237.9 230.7 159.0 -212.0 -69.0 104-03 192-235 0 - 4 1 8  0.4425 
I * 3 96.7 209.6 96.7 141.1 0.0 155.0 224.4 244-5 244.4 167.1 -2Z2.4 49.5 109-78 191.00 0.3317 0.3723 
f 1 4 106.8 180.8 106.8 122.1 0.0 133.4 257.2 264.3 278.5 179.0 -257-2 -130.9 120.B 165.35 0.lletS 0.1844 5 109.1 167.1 109.1 113.4 0.0 122.8 293.7 29 .7  313.3 202.5 -293.7 -1ii7.9 122.39 152.57 4.0722 0.0108 
6 108.6 165.5 108.6 109.3 0.0 124.2 310.1 303.9 328.6 210-3 -310.1 -179.6 121.91 146.16 -0.1423 -0.0546 
7 108.3 167.5 108.3 111.7 0.0 124.8 317.9 310.5 335.9 216-7 -317.9 -1fEi.7 121-53 149.16 -0.1733 -0.1028 
8 107.6 168.0 107.6 112.9 0.0 124.3 525.7 317.1 343.0 223.4 -325.7 -192,7 120.84 150-83 -0.2063 -0.1413 
9 1W.3 159.5 104.3 104.0 0-0 120.9 348.6 336.9 363.8 239.7 -348.6 -216.0 117.59 138-52 -0.2%1 -0.2555 
10 103.3 155.0 103.3 95.6 0-0 122.0 '75.7 343.5 370.4 241-2 -355.7 -221.4 116-51 126.97 4,3144 -0.2893 
b 11 202.4 152.4 i02.4 90.5 0.0 122.6 362.5 350.1 376.7 244.8 -362.5 -227-4 115.63 119.97 -0.3244 -0.317l 
5 
F SL B-1 8-2 8'-1 a'-2 M - 1  M-2 - 1  t4'-2 ?.NU IHCM DN TEUl DFAC OEG4-B LOSS-P PD2/ XEFF-AXEFF-P 
DEGREE DEGREE DEGREE DEGREE t DEGREE 5EU.EE DEGREE DEGREE TOTAL TOTAL POI TOTAL TOTAL 1 0.0 51.4 66.52 19.360.26320.63570.66880.4504 1.45 5.54 7.41 47.17 0.4950 0.093 0.6180 1,6305 95.39 95.711 f 2 0.0 49.7 66-48 25.68 0.2817 0.6600 0.7l29 0.4738 2.75 6.47 7.W 40.8) 0.4895 0-Q621 0.0125 1,5089 95.29 96-54 
i I 3 0.0 47.8 66.48 32.490.29910.62420.75580.4976 4.04 7.42 9.04 33.98 0.4780 0.0444 O.(jo8i! 1,5725 96.85 97-04 
4 0.0 47.7 67.36 47.160.33~00.53570.86300.5302 5.46 7.74 11.36 20.21 0.4921 0.0997 4.0181 1.4865 93.42 95-95 
5 0.0 47.2 69.62 55.9 0.3383 0.4927 0,9713 0.5971 5.45 7.30 10.34 13.72 0.4706 0-1:;s 5.9245 1,4481 83.09 83-96 
6 0.0 48.4 70.69 58.460.33680.48591.01870.6174 5.55 7.28 8.17 12.22 0.4754 O,f:i2 7.5300 1.4438 77.9 79.M 
7 0.0 47.9 71.19 58.72 0.3356 0.4911 1.0411 0.6354 5.74 7.a2 6-34 12.47 0.4637 0.1? t p.3'31 1,0510 76.99 78.17 
8 0.0 47.4 71.n 59.33 0.3334 0.4920 1.0632 0.6545 6.19 1-75 5-74 12.38 0.4617 fJ,1,9in; 3.9314 1,4506 76-21 77-94 
h 9 0.0 48.9 73.30 64.00 0.3232 0.4650 1.1269 0.6990 6.16 7.58 5.52 9-30 0.4451 O.PB4 0.0307 1.4391 71.53 72.96 1 10 0.0 51.6 73.75 66.39 0.3198 0.4507 1.1469 0.7012 5.64 7-02 5-86 7.36 0.4504 0.2444 0.0307 1.4307 68-33 69-93 I 11 0.0 53.3 74.14 68.14 0.3171 0.4420 1.1662 0.7099 5.m 6.143 5.53 6.00 0.4491 0.2590 0.0299 1.4282 66.37 68.03 I i t SL V-1 V-2 VM-1 VYr2 0 1  VO-2 u-1 u-2 VR3'-1 V'-2 VOW-1 M1'-2 RHOV,%l RHOVH-2 EPSI-1 PSI-2 FCT TE i 
C FT/SEC FTJSEC FT/SEC FT/SEC FT/SEC fl/SEC FT/SEC FI/SEC FT/SEC FT/SEC FT/SEC FTISEC LBM/FTZSEC tBM/FRSEC DEGREE DEGREE SPA:{ 
1 1 279.8 754.7 279.8 467.1 0.0 592.7 653-6 758.3 710-9 495-8 -653.6 -166.1 20.03 38-94 29.i22 29.37l 0.0500 1 
F 
: 
2 299.2 726.8 299.2 470.2 0.0 553.2 695.4 780.4 757.1 521.8-695-4-226.2 21.31 39-50 23.69 25.351 0.1000 
3 317.3 C87.8 317.3 463.0 0.0 508.6 736.4 m2.1 B1.8 548.2-736.4-293.5 22.48 39.12 19.004 21.331 0.1!?00 1 
4 350.5 593.3 350.5 400.6 0.0 437.7 843.9 867.1 913.8 587.3 -843.9 -429.4 25-59 33.87 6.781 10.565 0.30MJ 1 j 
5 359.0 548.4 358.0 372.0 0.0 402.9 963.6 953.7i028.0 663.6-963.5-550.8 25.07 31.25 -4,134 0.620 0.WOD 
6 356.5 543.0 356.5 358.8 0.0 407.6 1017.5 997.17 1078.2 690.8-1017.5 -589-4 24.97 29-91 -8.095 -3.704 0.6000 
F 7 355.2 549.4 355.2 366.4 0.0 409.4 1043.2 1018.7 1102.0 710.9-1013-2 -609.2 24-89 30.55 -9.928 -5.893 0.6500 
e 353.0 5 3 . 1  353.0 370.5 0.0 407.9 1068.7 1040.3 1125.5 733.0-1068.7 -632.4 24.75 30.89 -13 .a20 -8.0% 0.7000 
I 
1 
9 342.3 523.2 342.3 341.2 0.0 395.7 1143.6 1105.3 1193.7 786.5-1143.6 -706.6 24-08 28-37 -1v.852 -14.639 0.8500 
10 338.8 508.7 338.8 313.8 0.0 400.4 1167.0 1127.0 1215.2 791.4-1167.0 -726.6 23.86 26.00 -18.012 -16,581 0.9WO 
11 336.0 500.l 336.0 296.9 0.0 402-4 1189.3 1148.6 1235.8 803.1-1189.3 -746.2 23-68 24.57 -18.586 -18.170 0.530 
WClfA1 UCl/Al T021T01 PM/POl EFF-AD EFF-P 
LBM/SEC KG/SEC  ROT^ ROTOR i 
S Q R  S4M X X '! 1 
24.44 119.26 1.1446 1.4EN7 82.81 83.74 1 
i 
7 *--- - - -* . . - - 
-.- - "  - - - - - * -  + --- 5 - - -  - 
* 
13 dl 1. 
i. 
1 AfPZOIL EfE(33'It&HiG SLE4Ya.Y PRIfG 
1 70 PEPXEtG CESICli SPEED f S A T E  PETJiTEGilEj P,@f ti0 11% SEED tWE 70 POICE t(Q 5 
S t  V-1 'I-2 YE-1 V&-2 yfg-1 
MISEC ri/SEC M/SEC NSEC WSEC 
2-2 *l 
MGREE 
1.4 df.7l04 
0.5 0.6827 
-1.0 O.@% 
-3.3 0.5538 
-2.9 0.5lE13 
-1.5 0,511P 
-0-9 0.5l37 
-0.7 0.5199 
-1-4 0-5EK17 
-3.1 0.~913 
-1.0 0.4277 
S t  '1-1 v-2 1 W '  "9-1 
E/SEC FT/SEC F?/SEC FT/SEC FF/SEC 
1 779.4 6S.7 520-5 6S.5 580.2 
2 749.8 675.4 514.E 675.4 545.2 
3 710.4 644.9 503.7 644.8 531.0 
4 620.5 556i.7 444.6 549.8 432-9 
5 575.1 592.8 431.5 502.1 401-2 
6 570.5 499.4 3B.7 493-3 402.1 
7 577.8 507.4 4136.3 507-3 dff3-7 
R 5m.8 514.9 411.4 514.2 E1ff.O 
9 561.5 503.2 392.4 503.0 502.6 
35 552.5 dB.8 374.0 4B.7 E95.7 
I1 549.5 478.2 365.5 473.1 419.4 Idm,P, LfWA UCWR 
1:K.n INLET I W L r  
RPH LBN/SEC KG/SEC 
2731.m IOii.XJ 49.39 
i 
- 
- 
PSI-1 
KeEE 
27.011 
24. 030 
20.72?5 
12.256 
3.706 
4.522 
-2-57E 
4.510 
-1o.as 
-12.734 
-15-199 
EFF-P 
STAGE 
# 
eo-11 

- - 
*--- - -u C ' 
- 
-CY -.." - -  - 7 --  - -"CI 
- -. 
-- - - - - - 
- - 
- .-- 
- - 
z * r)) 
i '  - -z-- . 
i 
f AIWOIL AERODYI(AH1C SWMRY PRINT 70 PERCEfr DESIGI SPEED 6STATW PERFtRMrdCE) RUN :I0 111 PEED CODE 70 POItK ti0 4 
i 
V M - 1  
MISEC 
156.0 
154-4 
150.5 
131-8 
122.1 
118.9 
121.5 
122.3 
116.0 
111.2 
108.8 
w-2 
MISEC 
5.9 
2.1 
-4.0 
-9-2 
-7.5 
-3.7 
-2.1 
-1.2 
-3 -4 
-2.7 
-2.5 
RHffiM-2 
KGfHZ SEC 
271.53 
2%. 93 
261 -29 
223.76 
203.27 
202.39 
205.76 
208. n 
202.05 
195.31 
189.81 
SL B - 1  B-2 M-1 2 IilCS I!tCM REV T W  O-FAC OEGA-% LOSS-!' 
DEGREE DEGREE D E G R E  DEGREE DEGREE DEGREE TOTAL TOTAL 
1 51.0 1.6 0.7081 0.5992 -3.44 6.49 15-48 49.39 a.3043 0.1971 0.0454 
2 49.1 0.6 0,6802 0.5898 -3.33 -0.20 12.54 48.52 (11.2870 0.1440 0.0338 
3 47.0 -1.2 0.6431 0.%26 4.74 -1-37 9.66 48.21 UI.2262 0.1036 0.0248 
4 46.2 -3.2 0.5601 0.4758 -6.75 -2.50 6.77 49.46 0.3331 9.0669 0.0169 
5 5 46.0 -2.9 0.5183 0.4303 -7.94 -2.59 7.16 48.93 01.3603 0.0512 0.0138 
6 47.1 -1.5 0.5136 0.4293 -6.69 -0.95 2-65 48-56 01.3592 0.0441 0.0123 
7 46.7 -0.8 0.5201 C.4365 -7.11 -1.24 9.36 47.48 0.3642 0.0501 0.0142 
8 46.6 -0.5 0.5218 0-4435 -7-20 -1.21 9.80 47.07 0,3564 0.0446 0.0128 
9 48.0 -1.3 0.5039 0.4331 7 -1.72 11-08 49.27 0.3655 0.0607 0.0181 
10 49.6 -1-1 0.4959 0.4208 -8.69 -2.45 12-71 50.64 0.3035 0.0945 0.0226 [ 11 50.5 -1-0 0.4915 0.4111 -13.18 -7.03 15-45 51.43 0.4003 0,1372 0.0421 
1 SL V-1 V-2 - 1  VM-2 VO-f VO-2 RHfflM-1 P.'rfOVH-2 PCT' TE EPSI-1 FT/SEC FTISEC FT/SEC FTISEC FT/SEC FTISEC LBPJFTZSEC LBMIXZSEC SF814 DEGREE 1 777.7 666.7 511.9 666.4 5SL5  19.5 42.38 t 55.61 0.13430 27.020 2 747.7 655.1 506-6 655.1 549.9 6.8 42.36 55.51) 0.0931 24.oii.9 
I 3 707.5 624.5 493.9 624.3 506.6 -13.1 41-55 53.51 0.1410 20.H2 
6 4 a 9 . 8  530.8 432.3 530.0 444.2 -30.1 36.37 45.83 0,2939 22.310 
i 5 576.3 422.6 408.5 481.9 414.4 -24.5 33-55 41.63 0.5036 3.725 5 6 573.6 482.7 3W.3 482.5 420.3 -12.2 32.51 41.45 0.6103 10.473 
4 7 581.4 491.6 398.7 491.6 423.1 -6.8 33.18 42-14 0.5598 -2-485 
8 584.1 500.0 401.2 500-0 424.5 -4.0 33.33 42.76 0,7l07 -4-400 
9 566.7 490;O 380.7 489.9 419.8 -11.0 31.44 41.30 0.8620 -10.702 
10 559.1 477.5 3534.9 477.4 423.6 -9-0 30.01 4O.-IK1 0.9101 -12,836 
11 555.0 467.5 357.1 467.4 424.8 -8.1 29.30 38.M 0.9571 -15.209 
NCORR ljCORR UCORR fOA0 P32JP01 P;I/PO Eff-AD EFF-P 
INLET INLET INLET STAGE STAGE STAGE STAGE 
RPM LBM/SEC KG/SEC % 2 
87~8.00 106 .~1  48.44 1.1486 0.9829 1.4719 78.68 79-82 
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4 5t B-1 a-2 B4-1 Br-2 PI1  8-2 8%'-I 2 IRCS IHCU DN TMIt rJ; f&C OKGFt3 t%EP RO2f SF-AR"Z;-P 
B DEMEE =WEE DEEREE DEG?EE MREE E S i l E E  DEEZEE RMEE r@AL TOT% PI11 70Ka TLT% 
li 1 0.0 53.5 58.18 19-30 0-2UaZ G.5756 0.66% 9.4249 3-30 7.B 7-35 48-88 K5327 0,.09@ qIPtl16 1-6";OZ 95,& '35.93 
I 2 Q.0 52.0 M.13 25.56 43-2591 0-6525 0.7334 tP.Mc8 6 .  8.11 7.n 42-56 O,%m 0.W7 fk.0136 1.5358 96-35 s.41, 
8 
f 3 8.g 50.7 Fg-13 32-41 0.2742, O.bIP2 E),7455 0-4M9 5.69 9.'07 8.95 35-72 0-5222 0.0577 O-Otl4 1,5917 S6,OJ 95-31 4 0.13 52.7 69.08 47-61 C).3I)Z5 0.5357 0.Ei3511 0-4810 7-1 7 9-46 11.61 21-67 a.5550 0,1379 0,@?49 1,5145 87 , s  @j-M j 5 0.0 53.5 71-30 ?0Sfi.t37 0-3072. 0.4952 0-9593 0.5395 7.13 B19?i 11-31 34.42 0-5373 @.Xgr)l 0.0m7 2.4W %f.LZfX RX.35 6 0.0 53-2 22-28 58-04 0.367 9.%?4 1-cXPR Zt.5687 7-14 B.B7 7-75 34-23 0-5334 0,2122 0.0344 1,6972 37-38 F3.H 7 0,O 53.1 72.75 58.42 0.3954 63.5874 1-R% D.5825 7.32 9.130 6-02 24-34 0.5295 95.ZZZf %0W '1-59§15 75.07 37-14: 
8 0.0 53.6 7 3 3  59-S6 0.330 Q.5961 1-rKZG 0-393Z 7-25 3-31 5.97 13.Z 0.5297 a2361 Xl-0375 I,%% 34.29 EWE 
9 0.0 55.6 74.77 64.54 0.2930 nJ.4872 1.1165 0.6244 7-63 9.86 6 , s  111.24 Q.S24:! B-2;ISS 0.0973 1,5a34 68.@2 7a,E 
10 0.0 58-5 75-18 66.57 0-2399 0.429C X.l?tiil O.h3@5 7.07 8-65 6-5)4 8.a iO.52efi a3-2EB Q.Q352 ]I-3319 67.S 63-87 
11 0.0 60.2 75-53 68-53 0.2835 0.47l6 1.1563 iJ.639 5-49 7.132 5-92 7-01 11-5213 10-3Rt3 a-0343 3.5011 55-51 67.42 
5t Y-1 V-2 V b " l  V%-2 M-l W-2 U-1 5-2 - 1  V J 4  a*-1 553'-2 RHOVlYcl FZWYB-2 PSI-I EPSI-ZPtTYE 
t 
: F2/5EC n/SEC FT/SEC ff/SEC FT/SEC R/SC FT/SEC fT/SEC Z / S C  FTf%C FTJIiEC FF)SEC 2EEET2XC TZ8/FRS€I: E&EE REFEE 5Pb;tIt 
8 1 257.5 745.0 257-6 44g.5 0.0 60Z.o 553.1 758-2 mZ-1 467,4 -653.1 -156-2 18.m 31-82 Z9.W 29.322 0.rKcYs 
2 275-4 720.1 275.4 442.7 0-O 557-9 594.4 779.9 747.5 490,& -694.9 -211.9 20.19 35.33 23.7% 25.2% bf-lYM 
3 291-a 682.8 291-8 434.0 0.0 527.2 735.8 B1.5 791-6 513.4 -735.8 -274-3 22-22 37.77 1B,f579 2l.287 a,35rM, 
4 320.7 595.9 -320.7 3233.2 0.0 473.7 a433 865.5 ?U2-2 534.,9 -333.3 392,7 23.14 31-56 fid,l;rfl Ir3.567 ej1.33rYP 
5 325-2 555.3 326.2 329.5 0.g 47.Q S2.9 953.0 1016-6 @351,8 451-9 -%.0 23-49 28.B -0.3%9 0.733 04m 
i 6 325.0 564.1 325.0 336.0 0.0 453.2 1016-8 995.3 1067.5 538.6-1016.8 -542.1 23-42 28-99 -21.324 -3.6rll Bat53r3a 
7 323.7 570-8 323.7 340.6 0.0 655-1 IW2.4 3017-9 1991.5 555.,3-1042.4 -559.8 23-33 29-35 -30-3[M -5-&1, 0.5530 
t 2 321.2 570.5 321.2 335.7 0.0 46i.4 1058-0 1039.5 1115.2 665.6-2065.E1 -578.2 23,11 P B - B a  -32.252 -8-321 IP,JJrXJ 
9 319.8 552.8 310.3 301.4 0.0 455.4 1142.8 11C14.5 218.3 ?08.5-1342,5 -541.1 22-48 25.m -17-0Bl -3%- 7DI LSSW 
i 1E) 367.5 545.5 307-6 222.5 0.0 466.6 3166-1 1126.1 1235.0 ?l7.4-1166-f 459.5 22-27 24-L7 -P&I?40 -14.548 f3.W 
I1 305.0 537-9 305.0 265-3 0.0 457-9 U%-4 114723 1226.9 729.8-11m-15 -579.9 22.1@ 22. n -18.m -18-2x5 0,95(lr~ 
%l/A1 E l / P i  X02AOl PO2jPCII1 EFF* EFF-P 
LEWSEC Y&/SEC l?I)IFB. ROTm 
sw' SqH .I % 
22-51 1I)S.M 1-1594 1.527rS G.75 81233 
AIRFOIL WRilDYWnclIC SCR8NtY PRIW 
70 PERCENT DESICiri SPEED (STAT@! PEPZfJ?YAFICEj RIRl !HI 111 PEED CWE 70 POltt'T 18 6 
S t  V-1 Y-2 VM-1 VH-2 1 M-2 1 PAWfZ-2 EPSF-1 WT-2 
M/SEC fl/SEC WSEC M/SEC t+/SEC W F C  XG/i42 SEC KG182 SEC RBDIHf F!ADlkt( 
1 233.3 186-5 148.2 1%-6 179-6 0.0 202.63 262.72 3-4725 rJ,0?47 
2 225.0 182-9 147.0 162-9 173.3 0-0 2Elf.B3 260.66 0.4228 0,0756 
3 233.5 174.2 1113.2 174.2 155.3 0.0 197.76 250.Z 01%70 0,0579 
4 188.2 346-4 122.6 146-4 142.8 a-5  163*QLl 221'1.72 0-2238 5,9452 
5 175-5 129.6 111.1 129.6 135.8 0.3 LS?,6f 1216-51 0-6725 6,W93 
6 178.4 133.1 112.7 133.1 138.2 8.0 154-29 1W,B 0-8012 iO.DlW 
7 289-7 136.4 L14-2 135.4 140-0 0.0 156.14 3.95-07 -0,0316 +.F)2#6 
B 131-1 138.7 113.3 138.7 141.3 0-0 154.,52 197-72 -13-8645 -D,O?XS 
9 178.0 138.6 106.1 138-6 142.9 0.0 143.65 195.m -0,2786 -0.057@ 
f0  177.1 136.9 1812.4 136.9 144.4 0.0 138-23 19i-21 -13,2179 -O.O7$?3 
11 176-2 135.8 99.5 135-8 345-4 0-9 L34-02 188-38 4 .26M4-0929  
SL 0-1 0-2 rr1 N-2 INCS itiff% ~v T#I~ D-FAC @ E ~ - E  LOSS+ ~ 0 2 /  RJPO mfia %ET~-F+ SEFF-P 1 
DEGREE DEGREE DEGREE E m E E  DEGREE EGREE TOTM TOTAL POL S F B E  STAGE TKE-5% TOT-STb; I 
f 52-5 0.0 0.6961 9,5472 -1.95 0.99 13-R6 52-29 0,3719 U.IB14 O-OolB 0.%B l-5617 3.15% 85.10 %.DI 
2 50.9 0-3? 0.5703 0,5370 -1-48 1.65 11-97 50.9% Q-35% D.1W2 0-0329 0.9635 1.5659 1.1550 83.32 89,W 
I 
1 
3 49-2 0.; 0.6353 0.5127 -2.57 0.m L0.M 49-21 0,3559 0.1013 a.fR42 0.9759 1,5523 1.1479 a-55 191.2 ! 
4 49-9 0.0 0.5563 0-42E -3-12 1-13 1O.W 49-86 0.411P 0,0516 0.51% O.98Ei3 3 - 4 9 s  1.14% 85-g5 85-88 
5 50.8 0-0 0.5153 0.3769 -3.21 2.15 10-07 5ill-7? 0,4704 O-@720 0.0195 0.WI 1.4573. 1,1691 77-3 B.91 1 
6 50.8 0.0 0.5221 0,3851 -3.00 2-73 10.10 501-Zl 0-4684 CI-Ci773 0-0215 0.%B 1.4762 L'1575 74,152 26-17 
3 50.8 0-0 5,5281 0.3%3 -3.W 2-83 39-15 50-75 0.4635 0.0823 0.@33 0.9358 Y.lE?fi 3.-1623 33-M 7'5.9% 
8 51.2 0.0 0.52434 0.5093 -2.58 3-42 10.26 51-23 0.4589 0.0777 0.8223 0.9865 3-48?? t,lSn R.%B 3-63. 
9 53-5 0.0 0.5161 0.3981) -2-37 3-65 12.36 53-57 0,4639 0.M17i 0.0261 G-9355 1,4819 1,1785 66-72 1SEl.51 
10 54.9 0.0 015EZ'1 0.39261 -3.33 2.92 13-78 54-93 0,476'3 0,1125 0-0341 0.99'15 1-4343 E-lB5 @%,PI 65-93 
11 56.L 0.0 O.SPd 0-3W - 2 %  -1.42 16-43 $6.06 0 .4m 0,13133 3-W23 0.9717 1-4675 l-lm9 6%-Z 63-32 
SL Y-1 V-2 VX-1 YM W-1 W-2 RHWP?-i RHOYH-2 PCT TE EPSI-1 EPSI-2 
FFJSEC FTlSEE FT/SEC FTfiEC FTISEC FT1SEC LBWFTZSEC t iBm2KC SPM DEGP,EE E a E E  
1 765.6 612.2 485.~7 612.2 589.3 0.0 41-50 53-a1 .o.a?w ~9.on e . ~ ~ i z  
2 738.1 500.2 482-4 609.2 558.7 0.0 4L31 53-39 0.OaOI 24,178 4.333, 
3 700.3 571.5 469-9 571.5 S9-3 0-0 49-50 51.35 5.14113 21,076 3.B39 
4 617.5 423.2 40Z-2 430.2 1468.5 0.0 34-61 43-36 0.2989 12.325 2,592 
5 575.7 425.1 364.7 425-3 445.5 0.0 31.26 38.2l 0.50% 4.157 0.532 
6 585-2 436.7 369.8 436-7 453.6 0.0 31-60 39.07 0.61.33 0-071 -0,589 
7 592.9 447,s 374.3 447-6 459.3 0.0 31-98 39-95 5.6593 -1.a12 -1-178 
8 594.3 455.2 371.9 455-2 463.6 0-0 33-65 40.49 O-EO7 -3.693 -1.m 
9 584.1 454-9 348.1 454-9 469.0 0.0 29-42 39-97 0.%m -10.234 -3.837 
10 530.9 449-2 336.0 449-2 473-9 0-0 28-31 39.16 0,9101 -12,426 4.577 
11 578.1 445.6 326-5 445-6 477-1 5.0 27.45 28-58 0,9571 -15-0'10 -5-3Ea 
!4tORR 5tW.R WMR 70/T@ ;P02A%i F3fl0 S F - f i D  ERTP 
IClLET INLET PIELET 5T&E 5 i k E  STAGE STRGE 
RPplr LBM/SEC KS/SEC % X 
- B730.10 100-30 45.49 1.15% 0.9012 1,4983 26-93 78-21 
- 
-4 
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AIRF"JJT AEROOEtARIC 
80 P E R E N  DESIGf4 SPEED (ROTCR PERFtffFRiiM] 
i E Y SL V-L v-2 1 w 2  w-1 Vr3-2 OI-1 U-2 V'-1 
H/SEC B/SEC HBEC WSEC H/SEC M/SE& X+ISESG KISEC H / X C  
1 104.6 261-1 104-6 163-0 0.0 2613-9 n9.2 266-1 251.9 
2 112-1 253-5 112.1 167-3 0-0 190-4 243-9 273.7 259-4 
3 119-2 238-8 119.1 163-3 0.9 174.2 258-2 281-3 ZB.4 
4 132.3 207.1 132.3 142.6 0.0 150.2 235.9 304.1 324.2 
5 135.3 193.5 135-3 130-4 0.0 143-0 337-9 334.4 364.0 
6 134.9 188.8 134.9 122,O 0-0 144.1 356.8 349.6 381-5 
7 134.7 1fB-9 134.7 126-4 0.0 132.8 365.8 3572 389-8 
8 134.1 190.5 134.1 131.5 0-0 137.8 374.8 354.8 398-1 
9 130.5 181-8 130.5 126.5 0-0 130-5 401.0 37-16 421.7 
10 129.0 178.0 129.0 115.4 0-0 135-5 409-2 395.2 429.1 
11 127-9 173.8 127.9 104.9 0 -0  138-5 417.1 &02-8 436.2 
S t  - 1  B-2 2'-1 i3--2 rrl &2 8'-3 8'-2 ItiS 
MGREE DEGREE DEGREE DEGREE DEGREE 
1 0.0 51.1 65.1 7 20.68 0,3214 0.7662 0-7742 0.5120 ff-09 
2 0-0 48.6 65.08 25-50 0.3469 61.7441 O.Bfi1 0.5a8S 1.35 
3 0.0 47.8 65.03 33-42 0.367l 9.W D-8766 0-5728 2-59 
4 0-0 46.7 65-83 47.37 0.4091 0,5037 1-0325 0,6112 3.93 
5 0-0 47.6 68-18 55.68 00.187 0.5594 1-1265 0.6695 4.01 
6 a.0 49-5 69.27 59-08 0-4124 0,5628 l.lt3M 0.6870 4-13 
7 0.0 48.0 63-75 59.34 0.4167 0.5459 1-2052 0.7l79 4-31 
8 0.0 46.0 70.26 59-60 0.4149 O,%79 1.2315 0.7545 4-24 
9 0.0 45.5 71.92 63.48 0.4033 0.5212 1.3036 0.8216 4-78 
10 0.0 49.2 72.43 65-77 0.3987 0-5974 1-3259 0.9101 4-33 
11 0.0 52.6 72.87 68-18 0-39G9 OA929 1.3475 O.PX)lj6 3-82 
,IC SUTWZY PRIM 
RWl I03 fL1 P E E D  UEDE lW PDIIIT ti13 3 
SL V-1 lf-2 VIY-1 VM-2 tK9-1 W-2 RHICPIH-1 RHWM-2 EPSI-I ERSI-2 
M/SEC Z/SEC WSEC rrfSEC M/SEC M/SEC %/if2 SEC W;/i.;c %C RkDIAis" R4DIM# 
1 270.6 239.3 kf?d-_ 239.2 199-6 3.2 23T1.36 297-66 0-rS731 33.0832 , \ 
1: 2 262-3 238.1) 383.5 238.0 137.4 -1.5 235-20 302.D' 0-4235 0.0727 
0,36&0 0.0538 i 3 247.6 228.6 278.4 228.5 171.7 -7.1 230.36 295,891 i 4 217.4 198.2 159-0 197.9 148-6 -11.2 205-15 ZtjO.58 0.2191 0.0379 5 203.8 lE1.1 145.6 180-9 142.6 -7.2 f85-67 233.12' 0-13576 10.01U6 
B 6 199.6 177.3 137-9 177-3 144-3 4.7 174-27 230,18 -0-Ol34 -0.f1245 
I 7 200.9 179-6 142.0 179.5 142.2 -4.5 179.86 233-14 -0,0536 -0.0353 8 202.0 182.4 147.1 182.3 138.5 -5.3 186-95 237-07 4.0888 -0.0462 1 9 196.4 180.0 145.3 179.9 132.1 -5.6 184.53 231.3 -0.1'904 -0.0752 i 10 194-7 177-2 137.7 177.2 137.7 -3.1 172.97 224.51, -0.2223 -0.0859 l'i 192.8 172.9 131.2 172.9 141-3 -3.0 163-40 215.9F -0.2635 -0.0959 I SL 5-1 5-2 M-l H-2 I N S  INQ+ DEV TLliiW D-filC &?Em-0 LOSS-P PDZ/ PO mfr~ XW-a %w-P 
DEGREE DEGREE DEGREE DEGREE RWEE DEGREE TOTAL TOTAL P131 ST= STBE TOT-ST6 TOT-STG 
€ 1 49.7 0.7 0.7976 0.6957 4-72 -1.75 14.59 49-01 0,2776 Q-2354 0.0542 0.9194 1-7ODl 3.2011 81-49 
2 47.4 -0-4 0.7731 0.6943 -5.02 -1.89 21-61 47-76 0,2559 0.1756 0.13912 0.9425 1,7251 1,1932 87.38 IB-31 
3 45.3 -1.8 0.7288 0.680 -6.52 1 9.09 47-01 0,2439 0.1156 0.M76 11.9655 I-nO7 1-1815 91.42 92-04 
4 43.5 -3.2 0.6368 0.5759 -9.44 -5.19 6-78 46-75 0,2716 0.0532 0,0134 0.9873 1,5327 1.16% 58-83 89-5.8 
5 44.5 -2.3 0.5911, 0.5213 -9.52 1 6  7-77 45-74 0,3096 0.0371 0.0lDD 0,9922 1-5912 1-1779 79.B 81-12 
6 46.3 -1-5 0.57% 0.5079 -7-52 -1.78 8-57 47.81 Or320B 0.03B 0,0108 0-9922 1,5784 1.1870 74-55 75-14 
7 45.0 -1-4 0.5796 0.5146 -8.77 -2-P1(3 8.n 46.47 0.3140 0.0435 0.0123 6.9911 1-5845 1,1870 74-96 75-53 
8 43.3 -1.7 0,5832 0.5233 -10.51 4 - 5 1  8-59 44.97 0,302i: 0.0412 0.0118 9.9915 1.5917 1-1864 76.Td 77-78 
9 42.5 -1.8 0,5657 0.5158 -13.44 -7.22 10.61 44-25 0,2958 0.0643 0.0192 00,!3375 3-5702 1-1375 ?3-y 75-W 
10 45.3 -1.0 0,5578 0.5050 -12.96 -6.72 22-79 46.30 0,3118 0.0939 D.02W 0,9021 1.5528 1-19E4 57-58 59-52 
11 47.6 -1.0 0.5500 0.6904 -15-00 -9 . s  15-45 48.60 0,3359 0.1416 0.0434 0-9737 1.5311 1-2075 62-58 54-75 
S t  1 V-2 VM-1 VK-2 'a-1 W-2 RHOVIY-1 RHOYPrZ ?USE WSI-1 EPSI-2 
FT/SEC FTfSEC FT/SEC FT/SEG Ff/SEC FTjSEC LBl{/FT25EC iBM/FT2xC SPAN DEGREE S a E E  
1 887.8 725.0 599.3 724.9 655-0 10.4 47.28 60-96 0-0430 27-107 4.770 
2 e60-7 781.0 502-2 7.U3.9- 615-0 -5.1 48.17 62-01 0.090I 24,264 4,165 
3 812.3 7513.1 585.3 379.8 563.3 -23.4 47.18 60.60 0.1410 22.0% 3.653 
4 714.1 650.4 521.8 649-3 487.5 -36-7 42-02 53,3? 0.2989 12.551 2.174 
h 5 668.6 ~ ~ 4 . 1  477.8 593.6 467.8 38.03 48.57 0.50% 3,872 -0.151 
6 554.8 581.8 452.4 581.6 473.3 -15.5 35-69 47-14 11.5103 4,770 -1.402 
7 659.3 589.2 465.9 589.0 466.4 -14-8 36-e4 47.75 0.6598 -3,063 -2.023 
8 662.7 598-4 482.5 598-2 454.3 -17.5 38.29 48.55 0,7207 -5.Q86 -2.648 
9 644.4 590.5 476.8 590.2 433.5 -18.2 37-79 47-39 O.BG?O -10,939 -4,339 
10 638.9 581.4 451-9 581-3 451-7 -10-2 35-43 45.913 0.9101 -12.734 4.919 
11 632.6 567.4 430.4 567.3 463.6 -9.8 33-47 44.23 0.9571 -15.100 -5,494 
NCORR WCORR WCORR m/r0 POZ/POI FI~/PO EFF-AD EFF-P 
INLET INLET INLET STAGE STAGE SAGE STAGE 
RPM %3M/SEC K6/SEC % X 
c 9969,70 130.50 59.18 1.1845 0.9784 1.6155 79.68 81-01 
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AIRFOIL AERODXlAMIC SLNCZAfilY PREil'T 
+ 95 PERCEM DESIGN SPEED (ROTOR PEWW*J{EEJ RLAJ' co 111 SPEED CODE 95 POINT HO I 
bY 
I Do SL V-1 V-2 V M - 1  VK2 M-1 VO-2 0-1 0-2 V' -1  V1-2 NIB-1 VDS-2 Rf?OVL+i %OVW PS!-I EPSI-2 
P M/SEC M/SEC M/SEC Ea/SEC M/SEC M/SEC M/SEG M/SEC M/SEC M/SEC M/SEC N/SEC KG/M2 SEC KGfX2 SEC RADIAN KhDIkf4 
1 136.4 300.3 136-4 184.4 0.0 237.1 270.6 314-1 303.0 199.8: -210.6 -77.0 128.08 229.34 0.5111 0-S56 
2 146.6 295.4 146.6 188.0 0.0 227.9 287.9 323.1 323-1 210.8 -287.9 -95.2 135.74 237.06 0-4230 0.4507 
1 3 156.6 282-8 156.6 190-4 0.0 209.1 304.8 32.B 342-7 226.6 -304.8 -122.9 1112.85 243.51 0.3399 0.38i4 
4 176.8 249.7 176.8 171.6 0.0 181.4 349.4 359.0 391-6 246.9 -349.4 -177.6 155.99 220.82 0.1290 0.1970 
5 182.0 225.2 182.0 157.9 0.0 150-6 398.9 394.8 438.5 282.4 -399.9 -234.2 159.07 200-95 -0.0695 O.MW 
6 180.9 215.3 180.9 146.4 0.0 157-9 421.2 412.7 458.4 293.9 -421.2 -254.8 158-41 184.15 -0.1373, -0.0570 
7 183.3 211-4 130.3 145.4 0.0 153.4 431.8 421.7 468.0 305.2 -431.8 -268.3 158.07 183-16 -0.1649 -0-0956 
8 179-4 211.0 179.4 150.2 0.0 148.2 442.4 430-7 477.4 319.9 -442.4 -282.5 157.52 190-23 -0.1 960 -0.1337 
9 174.2 207.9 174.2 152.2 0.0 141.7 473.4 457.6 504-4 350-7 -473.4 -315.9 154.35 199.15 -0-2867 -0.23% 
10 172.0 702.4 172.0 140-0 0.0 la6.l 483.1 466.5 512.8 349.6 -483.1 -320.4 153.03 176.82 -0.3128 -0.2861 
11 17U.3 193.8 17D-3 124.7 0-0 148.4 492.3 475.5 520.9 350.1 -492.3 -327.1 151.91 156.27 -0.3255 -0.3161 I 
SL 0-1 8-2 0'-1 3'-2 M-1 i4-2 M ' - 1  M'-2 INCS INCM BEY TURN DFhC OEM-3 LOSS-P Pi121 XEFF-AXEFF-P 
DEGREE DEGREE DECREE DEQEE DEGREE DEGREE DEUEE DEGREE TOTAL TOTAL PDf TOTAL TOTX i 7. 0.0 51.9 62.95 22.48 0-4252 0.8729 0.9443 0.5806 -2.13 1.96 10-53 40.47 0.5188 0,1749 0.0342 2.2123 91.12 92.05 
2 0.0 50.6 62.79 26-93 0.4583 0.8578 1.0097 0.6120 4 -90  2.78 9-15 35-85 0.5152 0.1373 0.0272 2.2111 M.13 92.95 
3 0.0 47.9 62.63 33.06 0.4909 0.8218 1.0743 5.6526 O.i9 3.58 9.61 29.57 0.4903 0.0852 0.0167 2.1576 94.31 94.89 i 
4 0.0 46.8 63.09 46.230.55800.n011.23560.n22 1-19 3.47 10.43 16..B 0.4976 0.1178 0.9217 1.9930 89-52 52.49 
5 5 0.0 45.4 65.48 55.96 0.5754 0.6452 1.386l 0.8091 1.31 3.16 10.39 9.52 0.4650 0.1597 0.0264 1,8760 82-76 84.22 
6 0.0 46.9 66.74 59-43 0.5716 0.6130 1.4487 0.B56 1-61 3.34 9.61 5-84 0.4637 0.2039 0.0313 1.82r39 76-98 B-8% 
7 0.0 46.2 67-30 61.28 0,5697 0.6013 1-4785 0.8683 1.86 3.53 8.90 6.02 0.4483 0.2012 0.0301 1.8166 76.63 78.51 
8 0.0 64-2 67.87 61.69 0.5665 0.6DlO 1.079 0,9113 2.35 3.90 8.10 6.18 0.4255 0.1835 0,0273 1,8222 78.1Q 79-£6 
9 0.0 42.5 69. R 63.95 0.5491 0-5908 1.5903 Cl.9962 2.58 4.00 5.47 5.77 0.3921 0.1793 0.0250 1.3297 77-47 79.29 
10 0.0 45.9 79-31 66.130.54200.57081.61550.9363 2.21 3.58 5-60 4.18 0.4059 0.2223 0,0282 1.8108 72.29 74.49 
11 0.0 49.7 70.82 68.97 0.5361 0.5432 1.6401 0.9812 1.78 3.11 6.36 1-85 0.4145 0.2580 0-0287 1.7a37 67-93 70.41 
X V - 1  V-2 1 VM-2 VD-1 VO-2 U-1 U-2 V'-1 V1-2 VD'-1 V0'-2 RHOVM-1 RHOVYr2 PSI-1 EPSISPCTTE 
R/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC Fi/SEC FT/SEC FT/SEC FT/SEC R/SEC LBN/FRSEC LBN/FRSEC DEGREE DEGREE SPAN 
1 447.6 985.4 W7.6 604.9 0.0 777.9 887.71030.6 994.2 655.5-887.7-252.7 26.23 46-97 29-28? 29.59% 0.0500 
2 481.1 969.4 481.1 617.0 0.0 747.7 944.6 1060.0 1060.1 691.5 -944.6 -312.4 27.80 48-55 24.235 25.822 0-1000 
3 513.9 927.9 513.9 624.7 0.0 686.1 1000.2 1089.4 1124.5 743.6-1000.2 -403.4 29.26 49.87 19.472 21.850 0.1500 
4 580.2 819.1 580.2 562.9 0.0 595.0 1146.2 1177.7 1284.7 810.2-1146.2 -5132.7 31-95 45.23 7-393 11.289 0.3000 
5 597.1 739.0 597.1 518.0 0.0 527.0 1308.8 1295.4 1438.6 926-6-1308.8 -758.3 32.58 41.16 -3-991 1-191 0.UM)O 
6 593.5 706.6 593.5 480.4 0.0 518.1 1382.0 1354.2 1504.1 964.2-1382.0 -836-1 32-44 37-72 -7.866 -3-265 0.5000 
7 591.6 693.5 591.6 477.1 0.0 503.2 1416.9 1383.6 1535.4 1001.3-1416.9 -880.4 32.37 37.51 -9.447 -5.481) 0.6500 f 8 588.6 692.2 588.6 492.7 0.0 486.2 1451.6 1413.0 1566.4 1049.6-1451.6 -926.8 32.26 38.96 -11.116 -7.662 0.J000 
9 571.4 682.3 571.4 499.4 0.0 464.8 1553.3 1501.3 1655.1 1150.5-:1553.3-3036.5 31.61 39.26 -15.426 -14.314 0.8500 
10 564.5 663.9 564.5 459.2 0.0 479.4 1585.0 1530.7 1682.6 1147.2-1585.0-1051.2 31.34 36.22 -17.925 -16.393 0-900Q 
11 558.7 635-8 558.7 409.0 8.0 486.8 1615.3 1560.1 17D9.2 1148.6-1615.3-1073.3 31-11 32.01 -18-652 -18.111 0,9500 
1 WC1fRl TOZjTOl P02.1PDl EFF-AD EFF-P 
LEWSEt kii/SEC ROTCR ROTDR 
S Q n  Sm .X; X 
36.78 179.49 l.2498 1.9375 83.34 89.81 
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b 
i R l W O I L  mOOIl&nfc Sl,r&!%Y ?2I'?E 
I 95 PERCEKT EsrGt SPEED ~STATCE PEE~PIIICE) R W  NO 1x1 Y ~ E D  ZODE 95 mrsa m 2 
% B-I 8-2 H-I PcZ 
DEGREE DEGREE 
1 50.9 0.5 0.9164 O - M 7 8  
2 48.8 -0.6 0.88% 0-35r)Y 
3 46-7 -1.13 0.894 0-7392 
4 45.3 -2.5 0.7536 0.66% 
5 45.2 -2.6 0,6851 O.tia35 
6 45.1 -2.2 0-6MYI 0.5711 
7 45.2 -2.2 0.5579 0.5765 
8 43-7 -1.8 43.6616 0+5860 
9 42.9 -1-4 0.6534 0.5839 
10 45.0 -0.8 0.6450 Q.5Z9 
11 47.4 -0.5 0-6309 0.5538 

i i  
" AIRFOIL AERODYtL4MIC SUMMRY PRINT 95 PERCENT DESIMl SPEED (STATCR PERFCRWNCE) RUN NO 111 SEED CODE 95 POINT NO 5 
SL V-1  V-2 VM-1 VM-2 VO-1 VO-2 RHOVM-1 RHOVM-2 EPSI-1 EPSI-2 
1 M/SEC M/SEC M/SEC M/SEC M/SEC M/SEL KGIM2 SEC KG/142 SEC RADIAN RADIAN 
r 1 309.6 245.7 196.6 745.6 239.2 2.3 252.90 337.13 0.4624 0.0837 
1 2 298.8 241.C 196.7 241.0 224.9 -2.1 257.60 337.60 0.4075 0.0731 3 293.5 232.5 203.6 232.4 211.4 -7.5 271.77 2'' ="6 0.3562 9.0648 
1 4 257.5 203.2 171.8 203.1 101.9 4.8 227-97 ;?:.c9 0.2274 0.03% F 5 240.1 185.9 157.0 185.8 181.7 -7.6 207.24 266.18 0.0619 -0.0029 $- & ,  6 238.0 180.5 154.7 184.4 181.0 -6.2 203.83 262-05 -0.0200 -0.0240 
I 7 238.8 188.1 158.3 188.0 178.9 -5.6 209.26 267.14 -0.0578-0-0344 8 239.5 192.1 161.7 192.1 176.6 -4.9 214-51 270,-72 4.0909 -0.0451 1 9 236.6 193.2 159.5 193.2 174.7 -3.1 211.10 269.42 -0.1911 -0.0746 10 236.2 192.6 153.3 192.6 179.6 -1.2 200.94 2a.65 -0-2243 -0.0850 
h 11 235.3 191.6 147.2 191.6 183.6 -1.0 191.45 259.30 -0.2660 -0.0951 
1 SL 8-1 B-2 M-1 M-2 - INS INCM DEV TUZN D-FAC OIEGA-B LOSS-P P02/ POP3 TDffO XEFF-A %Err-P 5 DEGREE DEGREE DEGREE DEGREE DEGRFE GEGREE TOTAL TOTAL PO1 STAGE STAGE TOT-STG TOT-SIG 
1 52.6 0.5 0.9004 0.6942 -1.86 1-10 14.37 52.08 0.3758 0,1896 0.0437 0.926 2.1436 1.2874 84-74 86.28 
2 50.4 -0.5 0.8683 0.6830 -2.02 1,11 11.49 50.88 0.3656 C.1550 0.0363 0.9399 2.1543 1.2764 88.75 89-89 
3 47.3 -1.8 0.8545 0.6595 -4.49 -1.11 9.03 49.11 0.3808 0.1732 0.0414 0.9345 2.13% 1.2671 90.93 91-81 
- - 4 48.7 -2.5 0.7395 0.5721 -4.28 -0.03 7.54 51-16 0.4048 0.0513 0.0155 0.3813 2.0507 1.2614 87-20 88.42 
s 5 49.2 -2.4 0.6821 0.5186 -4.75 0.60 7.71 51.57 0.4384 0.0336 0.0091 0.9910 2.0004 1.2707 80.99 82.74 
h 6 49.5 -1.9 0.6729 0.5123 -4.33 1.41 8.19 51.39 0.4449 C.6503 0.0140 0.9868 1.9933 1.2504 77.3 79-77 r 48.5 -1.7 0.6747 0.5225 -5.29 0.58 8.44 50.21 0.4323 0.0501 0.0142 0.9808 2.G057 1.2823 77.98 80.01 
8 47.5 -1-5 0.6761 0.5339 -6.26 -0.27 8.80 49.01 0.4168 0.0454 0.0130 0.9880 2.0187 1.2840 78-29 80-31 
9 47.8 -0.9 0.6638 0.5345 -8.11 -1.89 11.43 48.75 0.4108 0.0775 0.0232 0.9802 2.0019 1.2961 74.10 76-48 
10 49.8 -0.4 0.6588 0.5299 -8.41 -2.17 13.42 50.21 0.4191 0.0981 0.0297 0.9752 1.9874 1.30% 70.20 M-93 
I! 11 51.8 -0.3 0.6532 0.5745 -11-86 -5.72 16.12 52.07 0.4293 0.1225 0.0376 0,9699 1.9702 1.3210 66-62 69-SL 
E 
! SL V-1  V-2 VM-1 VM-2 VD-1 V13-2 RHOVM-1 RHOVM-2 P C T E  EPSI-I EPSI-2 FT/SEC FT/SEC FT/SEC FT/SEC FTISEC FTISEC LBMIFTLSEC LBMIFTZSEC SPAN DEEREE DECREE 
1 1015-8 806.0 644.9 806.0 784.7 7.5 51.80 69.05 0.0430 26.491 4,793 
2 980.3 790.7 645.4 790.7 737.8 -6.7 52.76 69.14 0.0901 23.348 4.191 
3 963.0 762.9 668-2 762.5 693-4 -24.6 55.66 67.68 0.1410 20.410 3.714 j 4 844.9 666.8 563.6 666.2 629-5 -28.8 46.69 5~9.86 0.2989 13,029 2.256 - 
5 787.7 610.1 515.0 609-6 596.0 -25.1 42.44 54-52 0.5086 3.544 -0.165 ! - 
i 6 781.0 605.3 507.4 605.0 593.7 -20.2 41-75 53.67 0.6103 -1.147 -1.375 
i 7 783.6 617.1 519.3 616.9 586.9 -18.4 42.86 54-71 0.6598 -3.312 -1,970 1 8 785.7 630.3 530.6 630.1 579.5 -16.1 43.93 55.85 0.7107 -5.208 -2.585 9 776.3 634.0 523-6 633-9 573.3 -10.3 43.24 55.18 0.8620 -10.949 -4.274 
10 774.8 632.0 502.9 632.0 589.4 -4.0 41.15 54-20 0.9101 -12.851 -4.871 I 11 772.1 628.6 483.1 628.6 602.3 -3.4 39.21 53.11 0.9571 -15.241 -5.449 NCORR WCORR 8CORR Ton0 PO2/PO1 POP0 EFF-AD EFF-P 
! INLET INLET INLET STAGE STAGE STAGE STAGE P 1 w RPM LBM/SEC KGISEC % % i vr 11842.00 159.70 72-43 1.2803 0.9708 2.0400 80.63 82.46 
i 
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AIRFOIL A E R ~ P ~ ~ l 4 l C  2@fY&F!Y ?ZIIE 
t- 
W -95 PERCE~~F DESIG~ SPED [ R ~ L F !  T E P > ( P , ~ ~ K E )  RWI I I D  111 PEED CODE 95 P O ~ ~ C T  ~ E J J  5 
C n  
SL V-1 Y-2 VM-1 VfG2 VO-1 '0-2 U-1 0-2 IF-1 V1-2 M'-1 &'-2 U B H l & Z  PSI-1 PSI-2 
t4/SEC E/SEC M/SEC !4/§EC I4/5EC WSEC tl/SEC 6<//5EC K/SEC M/4EC 8/5EC I.t/SEG YG/1<2 SEC fi?i?/I4Z SEC RkDIAtl PADEAN 
1 123,8 301.7 123.8 171.g 0.0 248.2 270.5 314.0 297-4 183.6 -2735 -65-8 121.81 232.17 0-53&if 0.5221 
2 132.7 295.6 132-7 172.8 5-0 233.6 227A3 323.0 316.9 195.6 -237-8 -39.4 129.18 237,s 0,4i?!3 0-4576 
3 141-2 277.8 141-2 166.2 0.0 222.6 304.7 321-9 335.9 198.9 -304.7 -109.3 135% 230-08 a.3339 0-3efi3 
4 153-0 251-3 158.0 142-5 0.0 207.0 349.2 358.8 383.3 205-2 -349.2 -151.8 148-37 1%.@ 0.1293 0.1955 
5 153.8 240-3 163.8 133.5 0.0 L99-9 393.7 394.7 431.1 236.1 -393.7 -196-8 152.35 187.29 -D;Q599 0-WQ.?; 
5 15-3.8 240.7 163.8 132-9 0.0 200.7 421.1 012.6 451.2 2B.l -421.1 -211.9 152.37 1E.65 -0.1297 -0-0573 
7 153-4 241-4 163.4 134-7 0-0 200.3 431.7 421.5 451.6 259.0 -431-7 -221.2 152-11 189.63: 4.153Q -0-0956 
8 162.4 241)-1 162-4 134-7 0.61 19 .8  042.3 430.5 47l.2 262.0-642-3-231-7 351-46 l%.OB -0.1%54-1356 
9 157.7 233-7 157.7 126-2 0.0 196-7 473.2 457.4 498.8 239-6 -473-2 -265.7 148.17 178.91 -0,2W& -0.2512 
18 156.1 232.0 156-1 119.6 0.0 192-8 482.9 466.3 337.5 293-1 - 4 s - 9  -267.6 246-% 169-32 4.3974 4.2256 
11 154-6 229.4 154.6 111.5 0-0 280.5 a92.1 475.3 515.2 296.6 -492.1 -274.8 145.91 157.S -0-3216 -D-3155 
5- 8-1 0-2 8'-1 B'-2 K-1 M-2 fit-1 Ma-2 IfiE INC# DEV TfRN D FAC fMEGk-3 LOIiS-P 43321 SEE4 2GEF-P 
DEGREE .DEGiEEE DEGREE UEGREE LEGPEE 5EGREE OEGREE EGPEE 1DjAt 705RL WI TOTAL TOTAt I 1 
1 M-Q 55.2 65-09 20-& 0.3%346 0.8724 Q.9242 6.5309 0-OL 4.11 8-92 44.23 0.5736 0-10713 3.ZtZlY 2.3577 9ri.91 5 - 4 8  i 
2 0.0 53.7 64-98 27-50 0.4133 0.8393 0-9@9 61.5628 1.25 4.97 9.n 37-43 0-5619 5,03Si?; 9-OX51 2-3165 95-ef 96.28 I 
3 0-0 53.5 63-92 33-59 0-4408 0.7937 1.EB E5726 2.48 5.$7 10.14 51.33 0.5724 0.0335 13-0175 2.2577 9%-44 95-M 1 
4 5.Q 55.7 65.59 47.05 0-4957 0.7145 1-2023 0.592 3.69 5-97 11-25 18.54 0.5042 0,15% 0.0284 2-152Ei 87-82 89-05 
5 0.0 56.2 67-66 55.530.51460.67561.354583.5638 3-49 5.34 9.S 12.23 0.5Em 0-2041 0.0342 2-1380 S.9 83.Z 
6 0.0 56.3 68-21 57.67 0,5146 0.6726. 3.4197 4.5989 3.57 5.39 7-38 11.03 0-5890 0.227G 0,0373 2-1593' 79-18 21.29 
7 0.0 55.8 69.23 58.37 0,5133 0.6731 1.4502 0.Z21 3.78 5-45 5 .9  10 .6  0.5713 0.2318 O.fU7S 2-158 78-47 m.661 
8 0.0 55.5 69.78 59.3 0.52112 0.66B 1.4799 0.7455 4.26 5-22 5-91 10.27 0.5613 0.2355 0,0375 2-1813 77.72 &QI 
9 0.0 56.9 71.48 63.84 0.4947 0.5444 2.5645 0.7935 4.33 5.76 5.37 7,s 0.5417 0.2620 0.13367 2.1&56 74.18 76.82 
10 0.0 52.6 71.95 65-63 13.4293 0.6366 1.5909 0-8W3 3.m 5.25 5.10 6-35 0-5428 0.2817 D.0355 2.19% 72-17 75.E12 
11 0.0 60.7 72.45 67- 74 0.4M3 0,6265 3.6163 0.8100 3.41 4.74 5.13 4-7l 0-5431. 0.3010 0.03% 2.1905 70-22 73-27 
SL V-1 '4-2 ViGl VPr2 - 1  MI-2 U - l  U-2 Y'-1 2 W'-1 Wr-2 RHWPrl PADLJYrZ EPSZ-1 EPSI-2 PCT TE 
FT/SEC FTJSEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FTfSEC FT/SEC LBWF125EC LErJRZSEC DEE;?EE DEfZEE PA!{ 
1 406.1 989.8 406.1 562-4 D.0 214.5 a87.3 1ff35?0.2 975.9 602-4 -13,37.3 -215.3 24-95 c7-55 29,102 29.915 0.05T)r3 
2 435.5 953.4 435-5 567.1 0-0 766.4 414.2 1059.6 1033.8 638.4 -g44,2 -293.2 26.46 43-65 23.937 26.217 0-1CKX 
3 453.4 911.6 463.4 545.3 0.0 730.5 999.8 1029.0 l10lT1,9 652.5 -999.8 -35B.5 27.m 47.12 19.129 22,136 O.fSXl 
4 518-5 824.5 98 .5  467.5 0.0 679-1 1145.8 1177.3 5257.6 6B-2-1145.8 4 % - 2  30.39 46.76 7.410 f1.230 0.3ila)Cf 
5 537.3 788.5 537.3 437.9 5.0 655.8 1398.3 1294.9 1414.3 774.7-1305.3 -539.1 31.21 38-35 -3.372 1,191 1l.5r30E) 
6 537.3 789.8 537.3 436.1 0-0 658.5 1321.5 1353.7 14g.3 820.6-1381.5 -695.2 31,22 38-23 -7.433 -3.284 %5W!l 
7 536J 792.2 536.1 442.1 0.0 657.3 1416.3 1383-1 2514.4 i319.8-3426.3 -725-7 31.15 39,s -9.3G0 -5.533 0,6?$33 
8 533.8 787.9 533.0 441.9 0.0 652-31451.11412.41545.9 879.2-1451-1-760.1 31.02 38.93 -11,258 -7.7700.7i3aO 
9 517.6 766.9 517.5 414.2 0.0 645-1: 15527 1500.7 1636.7 950.3-1552.7 -255.3 30-35 35.64 -16.297 -14.392 0.2509 
10 512.1 761.2 512-1 392.5 0.18 652.2 1534.9 2530.1 1665.1 961.7-15fi4.4 -877.9 30-10 34-68 -17,615 -16,366 D.SDDrS 
11 507.2 752.6 507.2 365-3 0.5 657.7 3614.7 1559.5 2592.5 973.1-1614.7 -901.7 29.83 32-29 -18.427 -28.055 0,9500 
El/& WCl/Al T D ~ / T O ~  32f l01 EFF-AD EFF-P 
LB M/SEC KG/SEC ROTE2 RDTOR 
sqn sm X Z 
34.11 366.@ 1.3063 2,1945 E2.19 84-03 
I f % w 
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E 
1 AIRFOIL AERODYHAMIC SWiRY PRINT 
i - 100 PERCENT DESIGN SPEED (ROTOR PERFOir.PWCE) RVI NO 110 SEED CODE 10 POXM HO 8 P f t3 SL V-1 if-2 1 VM-2 VO-1 W-2 U-1 11-2 V'-1 V'-2 YOr-1 W'-Z RHOVM-I. RHDVM-2 EPSI-1 PSI-2 
1 . M/5EC fi/SEC MISEC (Y/SEC M/SEC M/SEC H/SEC M/SEC M/SEC M/%C M/SEC M/SEC KG/Fl2 SEC KG/% SEC RADIKt MDliSN 
I 1 146.6 313.5 146.6 lE5.7 0.0 252-6 224.0 329.7 319.6 201-0 -284.0 -77.0 132.74 239.29 0,5119 0.5176 
I 2 157.6 305.1 157.6 189.8 0.0 23S.9 302.2 339.1 3110.8 214.6 -302-2 -100.2 149.33 248-60 0.4238 0.4524 
3 168.3 285.9 168.3 183.4 0.0 223-2 319.9 348-5 361.5 222.1 -319.9 -125.3 377.30 242-77 0.3415 0,3828 
4 190.8 255.7 190.8 164.6 0.0 195.7 366.7 376-7 413.3 244.7 -366.7 -181-0 160-37 221.39 0.13% 0-197l i 5 198.8 234.7 190.8 151.5 0.0 179.2 418.7 414.4 463.5 2741.7418,7 -235.1 164-46 204.36 -0.0520 0.0204 6 198.9 226.1 198.9 143.2 0.0 175.0 442.1 433.2 484-8 2951.2 -442-1 -258-2 164.50 192.76 -0.1187 -0.0569 
7 198.7 224.5 198.7 145.6 0.0 170.8 453.2 442.6 494.9 30a.3 -453.2 -271.7 163.42 195.95 -0,2487 -0,DSESO 
8 197.8 225.0 197.8 149.9 0.0 168.8 464.4 452.0 504-7 328.4 -464.4 -283.2 164.00 203.85 -0.1814 -0.1325 
9 191.9 224.2 191-9 148.9 0-0 167-5 496.9 4m.2 532.6 346.4 -495.9 -312-7 l6D.95 203.54 -0.2790 -0.24El 
10 189.4 221.6 189-4 139.1 0.0 172.6 507.0 489.6 541-3 346.2 -507.0 -317.1 159.65 188.69 -0-3060 -0.2848 
IL 187.3 217.6 187.3 126.2 0.0 177.3 516.7 499.0 549.6 345.6 -516.7 -321.8 158.47 169-93 -0,3214 -0.3147 
St 9-1 9-2 0'-1 3'-2 M-1 M-2 fie-1 MI-2 INCS INCM D N  Tm'8 il FAC OEM-B LOSS-P PO2/ XEFF-A XEFF-P 
DEGREE DEGREE DEGREE MGREE DEfP,EE DEGREE DEGREE MmEE TOTAL TOTAL PO1 TOTAL TOTAL 
1 0.0 53.4 62.40 22.35 0.4594 0.9061 1.0015 0.5809 -2.57 1.142 10.41 40.05 0.5511 0.1274 0.0249 2.4671 93.72 94.47 
t: 2 0.0 51.7 62.25 27.93 0.4954 0.8313 1.0714 0.6198 -1.48 2.23 10.14 34.32 0.5371 0.0836 0.0165 2.4459 95-28 95.m 
3 0.0 50.8 62.10 34.57 0.5309 0.8323 1,1405 0.6400 -0.34 3-04 11.12 27.53 0.5387 0.0514 0.0157 2,3591 94.72 95.31 
4 0.0 50.2 62.47 47.97 0.6069 0.7307 1.3147 0.699: 0.57 2.85 12.16 1 4 . 2  0.5375 0.1032 0.01t34 2.202 91.29 92.20 
f 5 0.0 49.7 64.58 57.14 0.6343 0.6646 1.4788 0,7920 0-41 2.26 11.58 7.44 0.5095 0.1435 0.0230 2.1250 85.79 87-20 
i 6 0.0 50.5 65.71 60.77 0.6346 0.6367 1.5469 0.8314 0-57 2.31 10.47 4-94 0.4988 0.1709 0,0256 2,0952 32-31 84-04 
i 
i 
7 0.0 49.3 66.23 61.55 0.6340 0.6319 1.57% 0.%7&? 0.79 2.17 9.17 4.68 0.4213 0.1633 0.0242 2.0986 82.n W-41 I r 8 0.0 48.0 66.81 61. A 0.6311 0.6352 1.61M) 0.914 1.29 2.194 8-19 5.02 0.4670 0.1577 0.0233 2.1175 83.07 89-75 9 0.0 47.9 68.76 64.20 0.6106 0.6262 1.6949 0.9676 1,61 3.134 5.72 4-56 0.4468 3.1739 0.0247 2.1430 80.19 82.18 ! 10 0.0 50.8 69.38 66.030.6C1230.61481,7200.%04 1.28 2-65 5.50 3.36 0,4580 0.2172 0.0277 2,1382 76.12 78.50 
11 0.0 54.3 69.95 0'8.400.59490.59921.74580.9517 0.91 2.Z4 5.79 1.55 0.4689 0.2555 0.0292 2.1272 72-35 74-90 
E SL V-1 V-2 V M - 1  VM2 VO-1 VO-2 U-1 U-2 U'-1 V'-2 %IX3'-1 VO'-2 PSDVM-1 RHOVH-2 EPST-1 OPSI-2PCTTE FT/SEC FT/SEC FTiSEC FT/SEC FTlSEC FT/SEC FTISEC FT/SEC FT/SEC FT/SEC FT/SEC FTISEC tm/FT2SEC LBM/FTZSEC DEGREE EGREE SPAR k 1 481.0 1028.7 481.0 609.1 0.0 828.9 931.7 1081-7 1048.5 659-5 -931.7 -252.8 27-19 49-01 29.328 29,654 0.0500 1 2 516.9 1001.1 516.9 622.6 0.0 783-9 991.4 1112.5 1118.0 704,O -591.4 -328.6 28.74 50.93 24.283 25.923 0.1000 3 552.1 947.9 552.1 601.8 0.0 732.3 1049.7 1143.4 1186.0 728.8-1Q49.7 411-1 20.17 49-72 19.555 21.935 0-1500 
4 626.0 338-4 626.0 540.0 0.0 642.1 1203.0 1236.1 1356.1 802.7-1203.0 -594.0 32.85 45.34 7.929 11.292 D.3000 
5 652.2 770.1 652.2 497.2 0.0 588.1 1373.6 1359.5 1520.6 917,8-1373.6 -771.4 33.68 41-85 -2.982 1.369 0-5000 
6 652.5 741.9 652.5 469.9 0.0 574-1 1450.5 2421.3 159D.5 968.7-1450.5 -847.1 33.69 39.48 -6.800 -3,259 0.soCKl 
7 651.9 736.5 651.9 477.7 0.0 560.6 14S7.0 1452.1 1623.7 1011.5-1487.0 -891.6 33.67 40-34 -8.518 -5.441 0.6500 
!. ' 2  8 649.1 740.8 649.1 491.9 0.0 553.9 1523.5 1483.0 1656.1 1051.3-1523.5 -929.1 33.59 41.75 -10.391 -7.5% 0.7000 9 629.5 735.5 629.6 488.7 0.0 539.7 1630.2 1575.6 1747.6 1136.4-1630.2-1026.0 32.96 41.69 -15.984 -11.212 0.8500 
10 621.6 727.2 621.6 456.4 0.Q 566.2 1663.6 1606.5 1775.9 1136.,0-1663.6-1040.3 32.70 38-64 -17,530 -16-272 0,9300 
11 614.4 714.0 614.4 414-1 0.0 581.6 1695.4 1537.4 1893.3 1134-1-1695.4-1055.7 32.46 34.80 -18-415 -18.030 0,9500 
Kl/AI Kl/Al T02/T01 W2/P01 EFF-AD EFF-F 
., 6 LBM/SEC KGISEC ROTOR ROTOP. 
SQFT SQll X X I 39.03 190.44 1.2939 2-1968 85.a 87.29 f 
4 
f 
14 
I. 1Q b * 
a - - - ----'", - .- 7 &v--*%w - -. 
I 
i 
I 
i AIRFOIL AERODYNAMIC SUMNARY PRINT 
1 100 PERCENT DESIGN SPEED (STATCR PERFUtWNCE) RQl NO 110 SPEED CODE 10 POINT NO 8 
SL V-1 V-2 VM-1 VM-2 VO-1 VO-2 RHWM-1 RHWR-2 EPSI-1 EPSI-2 
N/SEC M/SEC MJSEC M/SEC M/SEC M/SEC KG/M2 SEC KG/M2 SEC RADIAN RADIAN 
1 323.6 258.2 208.7 258.2 247.3 3.3 261.83 344.85 0.472fi 0.OBlO 
2 314.7 257.7 a09.3 257.7 235.0 0.4 267.78 352.35 0.4234 0.0683 
0.3638 0.0580 3 298.7 249.3 202.1 249.2 219.9 -6-7 261.37 346.95 
9 
j 
4 267.8 218.4 185.0 218.2 193.6 -9.7 242.58 308.84 0.2053 0.0288 
5 257.0 200.6 170.4 200.3 178.7 -10.3 224.42 282.85 0.0513 -0.0107 
I 
6 239.0 194.6 152.5 194.3 179.2 -11.3 213.55 272.03 -0.0281 -0.0304 I 
7 238.1 196.3 165.3 196.0 171.3 -10.7 218.16 274-70 -0.0570 -0.0398 
8 240.0 201.7 169.7 201.5 169.8 -8.9 224.82 282.07 -0.1014-0.04% 
9 241-8 208.7 172.2 208.6 169.7 -6.1 227.87 286.31 -0.1996-0.0744 
10 241-7 208.7 166.2 208.6 175.5 -3.5 217.37 281.52 -0.2289 -0.0866s 
11 240.5 207.2 158-4 207.2 180.9 -2.1 204.83 274-22 -0.2667-0.0059 
SL 0-1 B-2 N-1 M-2 WCS INCM OEV TURN D-FAII: OMEGA-B LOSS-P PO2/ PORO TC/TO SEFF-A XEFF-P 
DEGREE DEGREE DEGREE DEGREE EGREE DEGREE TOTAL TOTAL PO1 STAGE STAGE TOT-STG TOT-SIG 
1 52.0 0.7 O.WO2 0.7275 -2.44 0.5! 14.57 51.30 0.3697 0.2056 O-OICn 0.9112 2.2481 1,3140 82-97 84-B 
2 50.1 0.1 0.9134 0.7287 -2.33 0.80 12.06 49.99 0.341YI 0.1516 0.0355 0.9368 2.2874 1.3051 87.45 88-81 
3 48.7 -1.5 0.8644 0.7061 -3.07 0.30 9.34 50.21 0.33% 0.0874 0.0209 O.%M 2.2739 1.2928 90-38 91,42 
4 46.7 -2.5 0.7691 0.6154 -6.29 -2.04 7-46 49.22 0.3710 0.0558 0,0141 0.9tiZ1 2.1628 1.2781 88-70 89-35 
5 46.4 -3.0 0.7026 0.5612 -7.58 -2.23 7-12 49.34 0.3925 0,0371 0.0100 0.9897 2.01588 1,2809 84.02 85-39 
6 47.1 -3.3 0.6761 0.5422 -6.66 -0.92 5.76 50.48 0.4028 0.0413 0.0115 0.9892 2,0699 1.2855 80.66 82-53 
7 46.0 -3.1 0.6735 0,5475 -7-74 -1.87 7.02 49.18 0.3932 0.0071 0.0153 0,9876 2.0753 1.2854 81-31 83-12 
8 45.1 -2.5 0.6788 0.5629 -8.75 -2.75 7.n 47-59 0.3751 0.0453 0.0130 0.9880 2.0943 1.2883 81.61 83.40 
0 44.9 -1.7 0.6797 0.5798 -11.08 4.86 10-59 46.52 0.3569 0.0799 0.0239 0,9788 2,0976 1,338 77-64 79-82 
10 46.9 -0.9 0.6750 0,5764 -11.34 -5.10 12-84 47.86 0.3635 0.1005 0.0304 0.9736 2,0816 1,XB 73.15 75-74 
11 49.3 -0.6 0.6674 0.5685 -14.32 -8.18 15.85 49.89 0.3754 0.1272 0.03m 0,9672 2.0571 1,3340 68-54 71.52 
SL V-1 V-2 VM-1 VM-2 VO-1 2 RHOVM-S RHOVM-2 PCT TE EFSI-1 EPSZ-2 
FT/SEC FT/SEC rT/SEC FTISEC FT/SEC FTISEC LBwFT2SEC LBMjFT2SEC SPAN DEGREE MU.EE 
1 1061-7 847.3 684.7 8474 811.4 10.8 53.63 70.63 0.0430 27.079 4,641 
2 1032.6 845.6 686.8 845.6 771.1 1.4 54.84 72.17 0.0901 24.261 3.911 
3 979.9 817.9 663.2 817.6 721.4 -21.8 53.53 71.06 0.1410 20.845 3.324 
4 878.5 716.7 607.1 7l6.0 635.0 -31.9 49.58 63.25 0.2939 11.764 1.653 
5 810.3 658.1 559.2 657.2 586.4 -33.9 45.96 57.93 0.5085 2.937 -0.611 
6 784.1 638.5 533.3 637.4 574.8 -31.2 43.74 55.n 0.5103 -1.611 -1.740 
7 781.1 644.1 542.3 643.2 562.2 -35.2 44.68 56.26 0.6598 -3.839 -2.280 
8 787.6 661.8 556.8 661.2 557.0 -29.3 46-04 57.77 0,7l07 -5.815 -2.840 
9 793.3 684.6 565.1 684.3 556.9 -20.0 46.67 58.64 0.8620 -11,438 -4.377 
10 793.0 684.7 545.2 684.6 575.8 -11.4 44.52 57.56 0.9101 -13,110 -4.957 
11 789.1 679.7 519.8 679.7 593.7 -7.0 41-95 56.16 0,9571 -15.279 -5.497 
NCORR UCORR WCORR T O m  lU2/P01 POmD EFF-AD ER-P 
INLET INLET INLET SiAGE STAGE STAGE STAGE 
RPN LBN/SEC KG/SEC X % 
1Z464.60 173.90 78-87 1.2939 0.9740 2.1396 82.62 84.37 

I 
i AIRFOIL AEROOYItANIC StMuRY PRIiiT 
1 100 PEREM' DES lGH SPEED (STATOR P E E  CEPAFAISCE) RBf ti0 110 PEED CODE I0  POIM It0 4 
1 S L  V-1 V-2 VPrl VPr2 MI-1 VO-2 RtlWPil RHOlPr2 EPSI-1 EPSI-2 
M/SEC M/SEC MISEC M/SEC W E C  MISEC KG/m SEC %G/W SEC RADIW RADIAN. 
1 321-8 247.3 202-4 247.2 250.1 4-2 261-62 38-63 0-4669 '0.WO 
2 310.1 242.6 202.5 242.6 234.8 4.2 266-88 349.56 
i, 3 297.1 233.6 199-2 233.5 220.4 -5.7 266.26 34;1-@3 0-4152 0.07W 0,3579 0-OM36 
k 4 265.7 206.3 178.0 206-1 197-3 -8.3 240.34 305.W 0.2031 0.0328 5 248-4 192.7 165.5 192-5 185-3 O 224.46 2m.70 
E 
0.0503 4-fYJE 
6 242.6 188-0 161.0 187-7 181-5 -10.1 218.55 275-53 -0.0267 -0.WOZn 
F 7 242.5 1 S . Z  161-3 1 0  178-6 -9.3 223-98 278.79 -0.0626-0.W67 \ * 8 249.0 195.2 167-8 195.1 f77.2 -7.1 229.40 285-87 -0.0941 -0.0465 9 245-3 202.2 166-5 202.1 183-1 -4-3 226.23 283.77 -0,1937 -0.0?%5 
10 244.8 202.0 159.3 202.0 185-9 -1.6 213.41 284.70 -0.2229-0.0a?9 
e 11 243.8 201.0 152.4 2i11.0 193.3 -0-4 202-73 278.59 -0.2646 4.09S1 
k SL B-1 8-2 Et-1 M-2 IN= IUCM lfEV TW4 D-F&C 0EGA-S LCtSS-P PMJ KfJPD m/lKI EFF-R XGF-P 
L. DEGREE W E E  DEGiaEE DEGREE DEWEE MGZEE fOTJ4L TN&L PO1 STAGE: STA& TfX-5TG TM-STt; 
f 1 53.1 0.9 0.9372 0-15960 -1.37 1.59 14.81 52.13 0.410C)33 8.1908 0.0439 0.9L76 2-30fi3 1.3189 84-60 85.29 
L 2 50.9 -0.1 0-324 0.6852 -1.52 1.51 11.92 50.95 0.3879 0,1483 0.0348 0-93s 2.3183 1.3QKi3 8%-70 89-95 
B 3 49.1 -1.4 0.8633 0.6604 -2.66 0.72 9.46 50-!iO 0.3'891 0.1159 0.0277 0-9556 2.29% 1-2953 W-97 9l-96 
If 4 48.4 -2-3 0-7645 0-5i#)2 -4-62 -0.37 7.m 50-56 0.4,X54 0,0546 0.0138 0,W5 2-208fr 1-ZE53 ?3,.90 9-29 
5 48.3 -2-4 0.7073 0.5381 -5.71 -0-35 7.69 50.63 0,4329 0.0356 O . W  0.9839 2-1652 1.29215 84-45 86-0b 
6 48.4 -3.1 0.6875 0-5230 -5.38 0.36 7.422 51-51 0.4454 0.0522 0.0145 0.9859 2-1424 1.2983 if1.59 33-44 
7 47.4 -2.8 0.6873 0.52% -6-39 -0.52 7.36 50.19 0.4354 0-0596 O.Ci169 0.9a38 2-1499 3.2990 01-80 83.M 
I 1 8 46.6 -2.1 0.6906 0.5133 -7.21 -1.22 8-18 48.68 0.418 0.0549 0.01% O.%5I1 2.1677 1.3023 81-39 ~ . B  9 47.5 -3.2 0.6383 0.5592 -8.48 -2-26 11.15 48.66 0.3026 0.0777 0.0232 0-9789 7.1727 1.3234 26-79 79-15 
i 10 49.7 -0-5 0.6824 0.5552 -8.54 -2-30 13.33 50.17 0,41134 0.0952 0.0283 0,9745 2.1568 1,3387 ?2,w 75.32 i 11 51-8 -0.1 0.6757 0.5444 -11.83 -5.69 16.3L 51.92 0.4187 0 . l l n  0,0360 a-9691 2.1364 1,3523 58-67 ?I-715 
? 
1 SL V-1 V-2 vvrl V P ~ Z  VO-I ~SD-2 RSIBVM-I W U V F ~ ~  XTTE EPSI-I EPSI-z 
1 fT /SEC FTISEC FFISEC F I I S E C  FT/SEC FTISEC LfllIIRZSEC UILBM~~JZSEIE SPAN EGhtEE OEGPXE 
1 1055.8 811.3 664.2 811.2 820.7 13.9 53.58 n-40 0 . ~ 3 0  2 6 . ~ 3  4.695 
2 1017.3 796.0 664.3 796.0 1711.5 -0.7 54.66 71-59 0.0901 23.790 4.011 I 
3 974.8 766.3 653.7 766.1 723.1 -18-8 54.53 69.96 0-1410 20.5G5 3-470 
4 871.9 676.8 584.0 676-2 647.4 -27.4 49.22 62-63 0.2989 11.925 1-878 
5 814.9 632.3 542.8 631.7 607.8 -26.2 45.97 58.31 0-986 2,884 -0.429 
6 795.9 616.7 528.1 615.8 595.4 -23.1 44.76 56.43 0.5103 -1.529 -1.565 
7 7%.8 624.1 538.9 623.3 585.9 -30.4 45.87 57.10 0,6598 -3.589 -2.105 
8 800.5 640.4 550.4 640.0 581-3 -23.3 36-98 58.55 0.7107 -5,343 -2665 
9 m4.7 663.4 546.4 663.2 593-7 -14.0 46-33 59.35 0.8520 -10.927 4,2n 
, + 10 833.2 662-7 522.6 662.6 509-8 -5.3 43.82 58.31 0.9101 -3T.770 14.855 
i 11 ,799.8 659.5 500-0 659.5 624.3 -1.4 41.52 57.06 0,9571 -15.159 -5,449 
f NCCm WCOaff WCORS xlfn W / W l  PO/CO EFF-AD EFF-P INLET 3filET INLET ! STAGE STAE STAGE STAGE 
- RPM tBMI5EC KGlSEC X 
P 12467.10 173.30 78.59 1.3052 0.9728 2.1995 82.81 84-59 
Q.I 
- " . - - 
w - P  - -  - I - - -* .*  - 7- T " v -  - 
7; 
AIRFOIL AERDaYdWC SM%FtY PRI%T 
1 - 100 PEREM DESIGN SPEED [ROTOR PERFORPRNCE) RUN 10  110 SPEED COOE 30 POltG WO 5 4 1 a SL V-1 V-2 VPt-1 Vr4-2 'JD-1 t'D-2 U-1 - 2  1 Vr-2 1 RHMIFI-1 RHIWPI-2 EPSI-1 EPSX-Z 
H/XC M/SEC fi/SEC K/SK H/SEC M/SEC M/SEC HjXC R/SEC RjXC #mC W/SEC X q K 2  K C  &/EX SEC MDIIW4 MDIAN 
P 1 344.0 312.1 144-0 1B.9 0.0 255.7 282.6 328.1 317.2 193.0 -2EP.6 -72.4 E32.43 233.25 0.5127 0,5143 
2 154.9 301-3 154-9 182.3 0.0 240.0 300,7 337-5 338-2 206.7 -300.7 -97-5 120.17 245.91 0-42s 9.mBZ 
3 165.6 2B.6 165.6 181.0 0-0 226.1 328.4 346-8 358-9 217.5 -33.8-4 -120-7 147.30 237.?5 0,327 0,3791 
4 187.3 256.5 187.3 156.1 0.0 203-5 364.9 374.9 410.2 231.9 -364.9 -1714 160.32 215-52 0-3378 0.2955 
5 195.5 238-8 1S.5  146.6 0.0 lS3.5 416.7 412.4 460.2 267.6 416.7 -223-9 1 206.39 4,WMi 0,(3220 
6 196.0 233.5 1g6.0 142.5 0.0 184.9 440.0 431-1 483-7 2a4.5 440-0 -246.2 164.93 199-15 -0.3155 4,0548 
7 195.9 233.4 195.9 146.1 0.0 282.1 451.1, 440.5 492.8 ;95.91 451-1 -258-4 154.85 20%-93 4.11.818& -0,0928 
3 194.9 234.2 194.9 149.0 0.0 280.7 462.2 449.8 5!3.,' X7.7 -462-1 -269.1 1164-33 339-95 -O.Z343 4,1316 
9 188-3 230.9 185.3 142.2 0.0 181.9 494.5 477-9 52%, 328.4 -496,s -296.8 1 %  20U.32 -0,2837 4-I],248P 
10 185.8 228.6 185.8 131.5 0.0 187.0 504.6 487-3 537-7 327.8 -5tM.6 -300.3 159.49 183-86 -0.3088 -U,ZaW9 
11 183.8 225.5 183.8 120.5 0.0 190.6 514.2 496.7 546.1 328.91 -514.2 -3R6.1 153-3 f67-63 -06.3222 4,3153 
SL 0-1 3-2 RE-1 3'-2 M-l. H-2 M'-1 R-2 INS i#a3 DEV Tl3W DFAG OES63r-B W5-P W5!I XEFF-ASSF-P 
DEGREE DEGREE DEGREE DEGREE DEQEE lfEG7EE OEQEE DEC4iEE TOTAL TOT% Pill TOlN 7Rl;L 
1 0,O 54-7 62.73 21-82 0,4530 0,9040 G.99Sl 0.5592 -2.35 1-74 9-87 40.91 0,5749 0.191 0.M34 2-5LZ6 94.2% 94-93 
5 2 0.0 52.8 62.56 28.20 0.4889 0,8723 1.0678 0.5984 -1.17 2.54 10-41 34.36 0.5574 0-0?57 0.tll49 2-4735 95-79 95-29 i 3 0.0 51.5 62-38 33.W 0.5244 O.SJ8'372 1.1368 0,6288 4 . O E  3.32 10.45 28.48 0.5502 O-OS74 0-0112 2.4229 96-35 95-37 
4 0.0 52.7 62.79 47.92 0,5981 0.329 1,3095 0,6626 0 3-12! 12-12 14.87 If.5703 0.I15l Q.WS 2,2653 %fil Sf,&? [ 5 0.0 52-1 64.81 56.R 0.6261 0.6761 1.4740 a E 7 7  0.67 2-52' 11.16 8-11 0.5378 0.3487 0.0241 2.21% 85-97 87-43 6 0-0 52.1 65.4) 59.jnO,ij2830.65771*%300-@93L6 0.77 2,Slll 9.40 6.21 3,5237 0.1689 8.Wfi'L 2.J019 83.3 S,1'1. 
7 0.0 50.9 56-43 6D.240-62150.6570:1~57520,8355 0-99 2-67 7.86 5-19 tI.5032 0.2€3%0 13.01253 2.22543 83-57 85.28 
8 0.0 50.1 57.03 60.69 0.840 0.558% 1.605'3 f3.@47 1.51 3.0~ 7-10 6-38 0.4%7 Ci.l63,3ir 0.R52 2.2326 83-36 8S.12 
9 0.0 9.6 69.05 64.00 0.6013 0.6426 1.6393 0,9138 1.91 3.331 5.53 5.05 0.4W 9.2039 0.028rl 2.24.14t3L) 38-67 a 9 3  
i f 10 0.0 54.5 69.63 66.07 0,5930 0,6317 1.Zl5P 0.9056 X.57 2-94, 5.54 3-60 0.4974 0.2415 0-0308 2.2a0 %-a JL53 ? 11 0.0 57.5 20.21 68.34 0.5859 0.6190 1,7411 0.9BO 1-17 2,Xl 5-72 1.88 0.5037 1),27M 0.0312 2.238S a,% 34-83. 
'U-2 V'-1 V'-2 MI'-1 YO'-2 EHHKI 
FTiSEC RPSEC FTlSEC R-ISEC FT/SEG LEKIFESEC 
1076.5 1040.6 W3.3 -927-2 -237.6 27-12 
1107.2 1109.8 6782: -985.6 -319.9 28.a 
1137-9 1177.5 713,;1-10C6.7 -395.0 30.17 
1230.1 1345.8 760-if-1197.2 -5li2.5 32-84 
1353.0 1510.0 878-1-1367-2 -734.5 33-72 
1414.5 1580.4 933-7-1443.6 -807-9 33.73 
1445.2 1613.5 974.0-1479.9 -843.9 33-76 
3.475.9 1645-5 90139-61-1516.2 -883.0 33-65 
1563.1 1736-1 1077-4-1622.4 -971.1 32-91 
1598.8 1754.3 2075.4-1655.6: -985.1 32-67 
1629.5 1791-8 1079.2-1687.2-1004.2 32-43 
T@/TOl PO;E/m EFF-BD EFF-P 
ROTCR ROTOR 
X :: 
1.3104 2.281'7 85-66 87-21 
m * u r 2  
LB%fFTLSEf: 
48.59 
50.36 
s.65 
BQ,Z 
41.a 
SO. a9 
4f ,% 
43-00 
41.m 
37-66 
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! AIRFOIL AERODYNAMIC S W R Y  PRiNT ! 100 PERCENT DESIGN SPEED (STATOR PERFORMNCE) RUN NO 110 SPEED CODE 10 POINT NO 7 
1 
i SL V-1 V-2 V M - 1  VM-2 W0-1 VO-2 RHOVMl RHOVM-2 EPSI-1 EPSI-2 
t M/SEC M/SEC M/SEC M/SEC M/SEC MJSEC KG/WSEC KG/M2 SEC MDIAN RAD1AN 
1 321.9 232.1 1 6 . 2  232.1 252.9 3.8 259.54 342,Xl 0-4762 0.0805 
I 2 309.6 226.0 197.0 226.0 238.8 -0.8 261.51 339.53 0.4273 0.0686 3 298.3 218.1 193.6 218.0 227.0 -5.8 260.27 331.56 1 0.3658 0.0607 4 269.7 193.5 172.7 193.3 207.2 -6.9 235.19 297.M 0.2059 0.0367 
I .  5 253.7 182.2 161.4 182.1 195.7 -6.5 221.4) 276.87 0,0523 -0.0027 
F 6 250.7 180.9 159.7 180.7 193.3 -7.4 220.03 274.87 -0.0221 -0.0222 ) 7 251.9 183.9 163.4 183.7 191.6 -6-4 225.96 279.09 -0.0569 -0.0318 8 253.0 186.8 165.2 188.8 191.6 -4.2 223.57 285.85 -0.0890 -0,0418 Q 
9 253.0 195.5 161.6 195.5 194.6 -0.8 222.10 289.n -0.1913-0.0716 i b 1 10 253.5 196.4 155.6 196.4 200.3 1.7 212.00 286.75 -0.2232 -0.0827 i i $ 11 253.3 197.7 149.3 197.7 204.6 3.1 201.69 284.17 -0.26364.0942 
I / SL B-1 8-2 M-1 M-2 INCS INCM DN TURN D-FAC OEW-B LOSS-P ~ 0 2 /  PD/PD  TO/^ SEFF-w XEFF-P g 
s t DEGREE DEGREE ')EWE€ DEGREE DEGREE DEGREE TOTAL TOTAL M l  STAGE STAGE TOT-STG TOT-STG 1 ;  I 1 53.0 0.9 0.9337 0.6469 -0.50 2.46 14.77 53.04 0.4510 0.1690 0.0380 0.9274 2.3444 1.3218 85.67 87-26 / 8 
i r 2 52.3 -0.2 0.8962 0.6312 -0.13 2.99 11.78 52.47 0.4454 0.1349 0.0316 0.953 2.3443 1.3112 88-58 89.86 [ .  3 50.9 -1.5 0.8615 0.6094 -0.92 2-45 9.35 52.34 0.4502 0.1092 0.026l 0.9582 2.3299 1.3037 90.04 91.14 4 50.6 -2.0 0.7705 0.5375 -2.40 1.85 7.98 52.60 0.4805 0.0579 O,G146 0.9813 2.2555 1,2986 87-69 88-96 I 
5 50.5 -2.0 0.7l70 0.5028 -3.46 1.93 8.03 52.55 0.4964 0.0457 0.0124 0,9868 2.2253 1.3073 83-47 85.22. 
6 50.4 -2.4 0.7052 0.4973 -3.37 2.37 7.74 52.79 0.5023 0.5525 0.6174 0.9823 2.2186 1.3163 80-88 182.88 
1 
1 
7 49.5 -2.0 0.7077 0.5052 -4.25 1.62 8.17 51.52 0.4927 0.0689 0.0195 0,9805 2.2295 1.3193 80.66 82.69 
8 49.3 -1.3 0.7094 0.5183 -4.55 1-44 8.99 50.52 0.4765 0.C646 0.0185 0.9816 2.2469 1.3251 80-08 82.19 
i 
B 9 50.5 -0.2 0.7026 0.5329 -5.41 0.81 12-11 50.77 0.4602 0.0811 0.0243 0.9772 2.2529 1,3479 75.11 77.75 .I 
10 52.4 0.5 0.6998 0.5324 -5.83 0.41 14.26 51-94 0.4641 0.09M 0.02% 0,9725 2.2436 1,3627 71-63 74.62 
11 54.4 0.9 0.0954 0.5332 -9.28 -3.13 17.31 53.47 0.4666 0.1114 0.0342 0.9692 2.2341 1,3779 68.32 71.64 
SL V - 1  V-2 VM-1 VM2 VO-1 M-2 RHOVM-1 RHOVH-2 PCTTE EPSI-1 EPSI-2 
FT/SEC FT/SEC FTJSEC FT/SEC FT/SEC FT/SEC LBM/FBSEC LBMi'FBSEC SPAN DEGREE DEGREE 
1 1056.3 761.6 653.6 761.4 829.8 12.5 53.16 70.19 0.W30 27.281 4.513 
2 1015.8 741.5 646.4 741.5 783.6 -2.5 53.56 69.54 0.0901 24.484 3.929 
I i 
3 978.7 715.6 635.1 715.3 744.7 -19.0 53.31 67.91 0.1410 20.957 3.479 
4 884.9 634.7 566.7 634.3 679.7 -22.6 48.17 -- 60.84 02989 11.798 2,103 
5 832.3 597.9 529.6 597.5 642.0 -21-3 45.45 57.11 0.5086 2.999 -0.153 
6 822.6 593.5 523.9 593.0 634.1 -24.4 45.06 56.301 0.6103 -1.266 -1.273 
7 826-3 603.2 536.2 602.9 628.7 -20-9 46.28 57.161 0.6598 -3.261' -1.820 
I 8 830.0 619.5 542.0 619.3 628.6 -13.7 46.81 58.54 0.7107 -5.100 -2.396 
/i 9 829.9 641.4 530.1 641,4 638.6 -2.8 45.49 59.34 0.8620 -10.51 -4.104 
10 b31.6 644.4 510.7 644-mfi 656.3 5.4 43.42 58-73 0.9101 -12.788 -4,741 
11 831.1 648.8 489.9 648.1 671.4 10.1 41.31 58.201 0.9571 -15.100 -5.395 
NCORR WCORR WCORR TOfTD PM/POl W/FU EFF-AD EFF-P 
INLET INLET INLET 
C 
STAGE STAGE STAGE STAGE 
RPM LBM/SEC KSISEC % % $ 12467.40 170.50 77.32 1.3219 0.9727 2.2612 81.58 83.55 
k 
- 
- - - * - - L , * ' ^  - . _ . . , . 4 .  - + -  . ,c-T --" - -" -. =-*. w-.-- - -. ,,- -- - - 
- - ' *"%--- 
d*Lh A'---- - .- b.. . - - - - .  

--- -.. : . - - -.,--. - -  - - --- - ---- * - -- x - -  C -- -& " 
- -- -- -- -- 
-7 .- - - - 
- -  - - 
-7 - -v +- -- >\ 7 
/ I f 
- -/ -1' 
? 
1 
4 
I AIRFhtIL ET,DDY!MIC SWi*RSY PRIM 1?Xl PERCENF DES IBf P E E D  [SAT W, PPZWYA?iGE) RUiY ti0 110 FEED r S E  10 POINT 10 6 b 
i 5 1  V-I. V-2 VM-1  'M-2 M-1 'W2 BHWirlu-l RHW8-2 EPSI-1 EPSI-2 
I H/SEC Mj5E.C P/!/SEC NSEC tV5E.C M/SEC KG/% SEC KG/Y2 SEE CRADXli PJIDIADC 
1 321.7 225.1 196.8 226-1 254.4 2.8 258.93 339-46 0,4785 0-OeRa 
2 309.0 219.2 195.2 219.2 239.6 -1.4 261-E? 336.42 0.4396 0.0687 
3 297.3 211.9 190.1 211.8 228.6 5 . 3  257.93 328.22 0.368 0.0613 
4 270.2 187.9 169.6 187.8 210.2 -6.2 233.32 294.02 0.5047 0.0382 
5 255.4 17B.O 159.6 177.9 199.4 -5.4 221.98 277-39 0.0531 4.QIW9 
6 252.9 177-6 157.6 177.5 197.2 -5.4 219.66 274.81 -O.OZLX3-0.@204 
7 254.4 181.2 161.7 181.2 196.4 -5.4 226.13 280.E -0.0559 6-0332 
8 255.3 1 E , O  163.2 1 9  195-3 -3-1 ia8,39 2E5,69 4,0284 -0.rPG4 
9 255.0 192.2 158.9 192.2 199.6 0.1 221.05 229,9!3 -0.1923 -0.0700 
EO 255.5 193.5 153-7 193.5 2m.0 2.4 212.23 2B-02 -0.2242 -0.QeZi 
11 255.4 195.7 147-2 195.7 209.3 4.1 292.51 287.05 -0,26394,0939 
a B-I B-2 8-1 M-2 I~KS ~rtm DEV TEN D - F A I ~ E A - 3  LOSS-P m2/ P D ~  mfig s ~ f - k  %EFT-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOW. PO1 SFAGE STAGE lfX-S76 TOT-ST6 
1 54.5 0.7 0.9334 0.6262 0.02 2.92 14-55 53-77 0.4743 O.17U5 0,0393 0.9267 2,3552 1.3243 85-53 87.15 
2 52.7 -0.4 0.8952 0,6113 0.25 3-37 11.62 53-02 0.46W 0.1352 0.0317 0,952 2.3559 1.3129 88.;715 89-97 
i 3 51.6 -1.7 0.8587 0.59E2 -0.19 3-19 9.16 53.27 0.4715 8.1026 0.0245 0.9608 2,2444 1.3065 i33-95 9I.1#t 4 51.5 -1.9 0.7715 0.5210 -1.49 2-75 8.13 53-35 0,5913 0,0591 0.0149 0 . 9 m  2,2735 1,3035 87.19 B.58 
5 51.4 -2.8 0.7217 0.4W -2.61 2-74 8-32 53.11 0.51'37 0.0146 0.0148 0.9880 2.2493 1.3139 83.a 84.S 
6 51.4 -2.1 0.7158 0.&870 -2-37 3.37 8-03 53.3 0.523 0.OS73 rl.OlB3 0.5!307 2,2471 1.3232 80.41 iZ.49 
C 7 50.5 -1.7 0.7l43 0.4958 -3.25 2-52 8.44 52.25 0.5122 0.0723 U-0205 0.3702 2.2bc29 1.3275 83,I.f g.27 8 50.3 -2.0 0.7152 0.509 -3.52 2.47 9.29 51.25 0.49FA a.0593 0-91% 3-9333 2.2776 1.3333 79.57 21.77 
9 51.7 0.0 0.7373 0.5224 4.26 1 12-37 51.66 0.4B0 0.0E37 0.13265 0.9742 2.2M2 1.3568 74-54 27-28 
10 53.3 0.7 0.7048 5.5235 -4.94 1 14.47 52.63 0.4e35 0,1038 0.0315 0.9707 2.2757 1.3705 71-49 74.55 
11 55.1 1.2 0.7008 0.5253 -3.52 -2.38 17.60 53.94 0,4820 O.lX22 0,0344 0.9586 2.2705 1-3852 68-54 73.W 
b SL '1-1 V-2 YY-1 VR-2 1 '40-2 RHIPiW-1 T,iOllM-2 PCfTTE EPSl-1 WI-2 
f 3/!5EC FTfSEG r r / s E C  FT/SEC FT/SEC FT/SEC LBt!/,FTZSEC LBH/*q2SEC SPRi DEGREE MREE 1 1055.4 732.5 545.9 738.5 234.7 9.3 53-31 53.5s rj5.wa 2 7 ~ 1 4  44.m 
" 2 1013.9 719.2 640.5 719.1 726-0 4 . 5  53.5% 68.911 0,09@2 24.574 3.937 3 975.5 695.3 623.6 695.0 759.1 -20.2 52.23 67.34 0.1410 21,1325 3.513 
4 P36.4 616.5 556.6 616.3 m9.e -20.3 47.79 m.22 0.2939 lt,730 2.1% 
5 a57.9 563.9 523.6 583.6 654.2 -17.8 45.45 55.31 0,5086 3-f142 4.049 
i 6 829.7 522.7 517.2 582-3 652.8 -21-1 4 . 9 9  56.28 0.6133 -1,192 -1.171 
7 254.8 594.7 530.5 594.4 644.5 -17-8 46-31 57.38 0-6598 -3,200 -1.728 
$ 237.5 518.2 535.4 610.1 4 -10.3 45-33 58.72 0-7S07 -5-65 -2.314 
9 836.5 530.5 521.3 630.5 654.2 0-2 45-27 59.37 0,2620 -11-0B 4.059 ic 233.2 635.0 m.8 634-9 ~ 9 . 5  7.7 43.47 58.99 0.910~ -1z,ac?s 4.704 
I t  838.0 642.2 fie4.9 642.1 623.4 1 3 3  41.48 58.79 0.9571 -15,119 -5.377 
IiCOilT. WWJ1 KOF!P,  TO^ FC~~/P@I ~ 3 ~ 0  EFF-AD EFF-P 
- If&= IlILU IlltEi Sf.4E 5T&E STAGE STAGE 
'4 
d 
RPH LEM/SEC KG/SEC % % 
12357,59 169.20 76-73 i ,3za o .me  r-zes ar.18 83-22 
. e 
-- , - .:.-- 4 : --  - - .,-- 
_ " - * - ? a - - % - - - -  
I ,  ..&.,-L'..--& -A_. A . -" -^X.III-U&*.."L-li L .- P* . ---*.. " --- LA- 
ii 1 i 
4 L AIAFOI L AERODMAMI C SW4AlRY PRINT 
(II 100 PERCEM DESIGN SPEED (ROTOR PERFORPJWCE) RMi NO 110 SPEED CODE 10 POItfl NO 10 I h3 SL V - 1  V-2 Vrt-1 VK2 V0-1 VE)-2 U-1 U-2 V ' -1  Vi-2 M'-1 V0'-2 RHOVN-1 iWOVrrZ EPSI-2 PSI-2 
A M/SEC M/SEC M/SEC M/SEC H/SEC M/SEC M/SEC IIlSEC MISEC MISEI: M/SEC MISEC KG/W SEC KG/M2 SEC RADIAN MOIAN 
t 1 134.4 316.1 134.4 174.8 0.0 263.4 284.4 330.2 314c6 187.1 -284.4 -66.8 126.65 235.85 0.5103 O.S.92 
2 144.3 299.9 144.3 167.6 0.0 2A8-7 302-7 339.7 335.3 140.7 -302-7 -90.9 134-15 228.79 0-4224 0.4537 
L 3 153.9 291.9 153.9 168.5 0.0 238.3 320.5 349-1 355.5 201.7 -320-5 -110.7 141.10 233.30 0,3410 0.3834 
E 4 173.8 266.4 173.8 147.6 0.0 221.8 367-3 377.4 406.3 214.5 -357-3 -155.6 154.31 207.82 0.1388 0,1981 
5 181.6 254.1 181.6 137.8 0.0 213.5 419.4 415.1 457.0 244.2 -419.4 -201.6 159.01 196.00 -0.0468 0.0242 
6 182.2 253.2 182.2 137.8 0.0 212.4 442.8 433.9 478.9 260.8 -442.8 -221.5 159.37 196.87 -0,1180 -0.0536 i 7 182.0 253.9 182.0 140.3 0.0 211.6 454.0 443-3 489.1 270.9-454.0-231.7 159.25 201.19 -0.1524-0.0926 8 181.1 253.2 181-1 140.: 0.0 210-9 465.1 452.7 499.1 279.5 -465.1 -241.8 158.69 201.53 -0.1874 -0.1315 9 1 9 175.8 248.4 175.8 131.3 0.0 210.8 497-7 481.0 527.8 300.4 497.7 -270.2 155.50 189.BJ 4,2795 4.2481 
8? 1 10 173.8 247.0 173.8 124.5 0.0 213.4 507.9 490.5 536.8 303.7 -507.9 -277.1 154.30 179.71 -0.3037 6.2834 
? 1 11 172.0 244.4 172.0 116.3 0.0 215.0 517.6 499.9 545.4 307.7 -517.6 -284.9 153.19 167.83 -0.3192 -0.3140 
SL 8-1 8-2 8'-1 8'-2 M-1 M-2 MI -1  MI-2 INCS INCM DEV TURti D FAC OEUI-B LOSS-P P02/ XEFF-AXEFF-P 
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL PO1 TOTAL TOTAL 
1 0.0 56.2 64.42 20.77 0.4189 0.9079 0,9808 0.5374 -0-66 3.43 8.82 43.65 0.5962 0.1303 0.0258 2.5533 93.92 94-56 
2 0.0 56.2 64.30 28.61 0.4510 0.8579 1.0482 0.54511 0.57 4.25 10.82 35.69 0,6074 0.1350 0,0264 2.4684 92.76 W-61 
3 0.0 55.0 64.19 33.55 0.4824 0.8335 1.1145 0,5758 1.75 5.14. 10.10 30-65 0.5980 0.1120 0.0219 2.4492 93.25 94.05 
4 0.0 56.6 64.64 46.75 0.5485 0.7516 1.2821 0.6049 2.74 5+52 10.94 17.90 0.6203 0.1579 0,0288 2.3544 88.09 89.43 
5 0.0 57.1 66.56 55.59 0.5746 0.7077 1.4460 0.6801 2.39 9.24 10.03 10.97 0.6016 0.2015 0.0337 2.3436 82-72 84-64 
6 0.0 56.8 67.56 57-88 0.5767 0.7012 1,5155 0.7223 2.43 4 7.58 9.69 0,5881 0.2185 0.0356 2.3677 80-59 82.77 
7 0.0 56.2 68.08 58.53 0.5760 0.70L5 1.5478 0.7484 2.63 4-31 6.15 9.55 0.5775 0.2208 0.0358 2.3882 80.06 82-34 
8 0.0 56.1 68.64 59.58 0.5728 0.6977 1.999 9.7700 3.12 4.68 5.99 9-06 0.5698 0-2270 0.0361 2.4007 79-20 81,s 
9 0.0 57.7 70.43 63.74 0.5549 0.6771 1.6666 0.8190 3.29 4.71 5.27 6.69 0.5545 0.2596 0.0365 2.4200 75.36 78.18 
10 0.0 59.4 70.*97 65.51 0.5334 0.6700 1.6938 0.8233 2.87 4.25 4.99 5.46 0.5562 0.2B35 0.0365 2.4277 73.32 76.38 
11 0.0 61.4 71.49 67.61 0.5425 0.6596 1.7199 0.5304 2.44 3-78 4.23 " 3.88 0.5555 0.2994 0.0354 2-4295 71-45 74-74 
I SL V-1 V-2 VM-1 VM-2 VO-1 VO-2 0-1 U-2 V ' - 1  V8-2 VD'-1 M t - 2  RHOVH-1 RI-101M-2 EPSI-1 EPSI-2PCTE ! FT/SEC FT/SEC FT/SEC FTISEC FTISEC FT/SEC FT/SEC FT/SEC FT/SEC FTISEC FTFEC FT/SEC tBM/FT2SEC LBNIFT2SEC DEGREE EGREE SPAN 
1 1 440.9 1037.2 440.9 573.4 0.0 E64.2 933.2 1083.5 1032.1 613.9 -933.2 -219.3 25.94 48.30 29.241 29.746 0,0500 
i 2 473.3 984.0 473.3 549.9 0.0 816.0 993.0 1114.4 1100.1 625-6 -993.0 -298.4 27.48 46.86 24,203 25.9950.1000 
i 3 504.9 957.7 504.9 553.0 0.0 782.01051.51145.31166.4 661.7-1051.5-363.4 28.90 47.78 19.539 21.966 0.1500 
4 570.3 874.2 570.3 484.4 0.0 127.7 1205.0 1238.1 1333.2 703.6-1205.0 -510.4 31.60 42.56 7.053 11.3490.3000 
5 595.9 833.7 595.9 452.1 0.0 M0.41375.91361.81499.4 P31.11-1375.9-662.4 32.57 40-14 -2.583 1.389 0.5000 
6 -%7.9 830.8 597.9 452.1 0.0 697.0 1452.9 1423.6 1571.1 855.8-1452.9 -726.6 32.64 40.32 -6.751 -3.059 0.6000 
b 7 597.2 832.9 597.2 468.2 0.0 694.2 1489.5 1454.5 1604.8 888.7-1489.5 -760.3 32-61 41.21 -8.732 -5.3040.6500 
8 594.1 830.8 594.1 459.6 0.0 692.1 1526.1 1485.5 1637.6 916.9-1526.1 -793.4 32.50 41.27 - -10.738 -7.535 0.7MX1 
9 576.6 814.9 576.6 430.8 0.0 691.71633.01578.31731.8 985.7-1633.0-886.6 31.85 38.87 -15.013 -14.215 0.8500 
10 570.3 810.5 570.3 408.4 0.0 700.1 1666.3 1609.2 1761.2 996.6-1666.3 -909.1 31.60 36.81 -17,400 -16.236 0.9000 
i 11 564.4 832.0 564.4 381.6 0.0 705.4 1698.2 1640.1 1789.5 1009.6-1698.2 -934.7 31.37 34.37 -18,293 -17.988 0.500 
r I Xl/Al W c l f A l  T02/ml W2/POI EFF-A0 EFF-P 
I LBMISEC KGISEC ROTm ROTOR 
SQFT SQ4 X X 
36.71 179.16 1.3447 2.4035 82.61 84.59 
i ATTSOIL ~ ~ Y I R B ~ C  SWYARY P ~ L I I T  
% 100 PERCENT DESTC;N SPEED (STATE PEPECRIFS1HCE) R W ~  ii0 110 SPEED MOE 10 POII~T NO la  
X 8-1 8-2 Prl  M-2 lNCS IfiDl DEV TE?l  D-FAC OFiEW-3 LOSS-P POT/ FaPO m/i0 ZEE-A XEFF-P 
DEGREE DEGREE DEGZEE DEGREE DEGREE DEGREE TOTAL TOTAL PI)l STAGE SThE TN-56 TOT-SF6 
1 3 0.7 0.92B 0.5742 0-e3 3-33 14-58 Si4.55 0.5279 0.1670 0.0385 .0-%?26 2,3715 1.327L E.56 f-;83,19 
2 54-8 -0.7 0.8773 0.5523 2-90 5.53 11.28 55.51 0.5213 0.1040 0,0244 0.9590 2.3574 1,3175 E7-91 89.27 
3 3 53.2 -2.0 0.2529 0.319 1.46 4-24 8-83 55-20 0.52B 0.0948 0.0227 0;%41 2,3512 1.312E m.95 SM3,20 
I 4 53-5 -1.2 0.7759 0.4755 0.55 4.21 8-82 3.Z 0.5574 0-0701 0.0177 0.9773 2.3W 1.3146 85.44 87.03 
f 5 54.2 -1.4 @.FA2 0.4571 0.20 5.56 2-62 55.62 0.5815 O,Q699 0.0129 O.m!39 2,2942 3-3327 80-48 82.60 
k 6 54.1 -1.3 0-7200 C-4652 0-29 6.02 8-23 55-35 D.5730 0.020L 0.0223 0,9751 2.3039 1,3456 72.15 W-52- 7 53.6 -1.0 -0.7321 0.4760 4.24 5-63 9-16 5%-54 0.5621 0.0237 0,?3237 0.9749 2.3245 1.3525 77-53 B3.m t 6 53.4 -0.5 0.7397 0.4855 -0.36 5-64 9.74 53.97 0.5492 0.0B9 0.0241 0.9769 2.3385 1,3577 76.m 79-36 9 54.6 1.2 0.72M 0.4942 -1.33 4.a 13.55 53.43. 0.5372 0.1171 0.0350 O.%5B 2.3361 1.3798 72-21 75-28 
i0 55.a 1.9 0.7122 0.4923 -2.47 3.77 15-72 53.g 0.5331 0.1294 0.0392 Q.9624 2,3354 11.914 69.99 73.29 
e l  57.0 2.2 0.Z.42 0-%77 6-62 -0.48 18-60 54-83 0.5234 0.2283 0.0393 0.9530 2.33% 1.4033 68.21 71.62 
SL V-1 V-2 - 1  'fM-2 Vf l - I  YCI-2 1 RHOLIR-2 IPCT TE EPSI-1 PSI-2 
FT/5EC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC LB&/FTZSEC LBM/FT25EC SPP# IIEREE EOtEE 
11057.7 696.2 634.6 686.1 846.2 9.0 52.B 67.W Kl.0430 27.268 4,76a3 
2 lOD3-4 665.3 602.7 655.2 m2.2 -2-3 50.52 65.m D , 0 9 F  24.375 4-17a 
3 977.3 645.6 602.0 645.2 769.2 -22.5 51.29 64.52 fl.Ml0 20.863 3.750 
4 899.5 572.0 539.7 571.9 714.6 -11.8 46.5: 57.42 0.2%9 11-93 2,508 q. 
5 262-0 553-1 505-0 552.9 693.6 -13.9 a 4 . a  55.10 0.5026 3.270 0.323 
5 1 565.3 595.4 565.2 698.1 -1Z.5 44.24 55-94 0.6103 4 . 9 2  -0.G7 
7 266.0 579.0 514.4 579.0 696.6 -10.0 45.15 57.16 0.6598 -3.0011 -1.459 
8 866.4 592.6 516.1 592.6 695.9 -5.4 45.37 52.31 0.7l07 -4.290 -2,099 
9 861.9 606.4 502.0 606.3 7g0.6 12.7 44.07 58.43 0.8620 -11.076 -3.958 
10 ffi3.8 614.3 489.7 614.0 711.6 21.0 42.79- 53.52 0.9101 -12,993 4.630 
I1 862.6 627.4 475-7 627.0 Z9.6 24.1 42-46 59.12 0.9571 -15.265 -5,328 
IlUIP.2 WC0P.R WCDRa iOA0 FD2/POl P3/PO EF-AD EFF-P 
INLET INLET IHLET S A G E  STAGE STAGE STAGE 
+ 
RPH LBIY/SEC KG/SEC % % 
~n 12464.41) 163.60 74.20 1.3497 0.9626 2.3239 79.22 81.51 
0 
- 
VI 
AiRFOIL AERODYIJAMIC SW-IARY PRINT 
P 105 PERCENT DESIGN SPEED (ROTOR PERFORIflNCE) RLiri NO 111 SPEED CODE 5 P0ItiT f10 1 
1 4  SL V-L V-2 V M - 1  VM-2 VO-1 VO-2 U-1 (1-2 V'-1 Vt-2 V0'-1 V0'-2 .WOV&1 RHOVK2 WSX-1 EPSI-2 
! M/SEC M/SEC M/SEC M/SEC M/SEC WSEC M/SEC M/SEC WISEC MISEC M/SEC M/SEC KG/a2 SEC KG/%! SEC RADIAtd iU\DIAN 1 154.3 323.6 154.3 194.3 0.0 258.8 301.4 349.9 338.6 214,6 -301.4 -91.2 135.07 238.19 0.5123 0,5178 h I 2 166.4 320.8 166.4 199.9 0.0 250.9 320.7 359.9 361.3 227.7 -320.7 -109.0 142.92 248.93 0.4261 0.4532 
\ 3 178.4 313.6 178.4 202.7 0.0 239.2 339.6 369.9 383.6 241.2 -339.6 -130.7 150.19 256.12 0.3440 0.3837 
P 4 2C3.6 271.0 203.6 184.7 0.0 198.3 389.2 399.9 439.2 273.4 -389.2 -201.6 163.44 237.34 0.1301 0.1988 
I 5 208.9 232.2 208.9 153.3 0.0 173.1 444.4 439.8 491-1 .397.7 444.4 -266.8 165.89 193.70 -0.0632 0.0219 
6 208.4 -223.1 208.4 145.9 0.0 168.7 469.3 459.8 513.5 325.6 -469.3 -291.1 165.65 183.59 -0.1175 -0.0578 
7 208.5 219.6 208.5 145.6 0.0 164.4 481.1 469.8 524.3 338.3 -481.1 -305.4 165.n 183.87 -0.1400 4.0965 
8 208.3 221.9 208.3 152.7 0.0 161.0 492.9 479.8 535.1 353.5 492-9 -318.8 165.63 194.43 4.1668 -0.1328 
9 204.4 227.1 204.4 164.0 0.0 157.1 527.4 509.8 565.6 388.9 -527.4 -352.7 163.81 ?lZ.A -0.2630 -0.2430 
10 202.1 224.8 202.1 157.7 0.0 160.2 538.2 519.7 575.9 392.6 -538.2 -359.6 162.74 233.93 -0.2936 -0.2788 
F 11 199.7 217.8 199.7 144.9 0.3 162.6 548.5 529.7 583.7 394.7 -548.5 -367.2 16t.56 186-40 -0.3148 -0,3112 
i SL 8-1 8-2 %'-I 8'-2 M - 1  M-2 1 9'-2 INCS INC14 DEV TURN D FAC OKG4-3 LOSS-P P02/ XEFF-AXffF-2 
k DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL PO1 TOTAL TOTAL 1 0.0 52.9 62-62 24.94 0.47% 0.9199 1.0511 0.6101 -2.46 1.63 12.99 37.68 0.5397 0,2345 0.0450 2.4691 88.24 39.62 Il 2 0.0 51.6 62.40 28.73 0.5183 0.9109 1.1257 0.6464 -1.33 2.38 10.94 33-67 0.5343 0.1E35 0.0368 2.4896 89.39 30.66 3 0.0 50.0 62.15 32-05 0.5581 0.8898 1.2000 0.6844 -0.29 3.09 9.60 29.10 0.5255 0.1510 0.0296 2,4721 90.42 91-55 f 4 0.0 47.3 62.33 47.740.64290.76511.38710.7719 0.42 2 . n  11.94 14.58 0.5028 0.1331 0.0238 2.2372 88-44 89.67 5 0.0 48.4 C4.81 60.07 0.6613 0.6457 1.5543 0.8593 0.64 2.50 14.50 4.75 0.4779 0.1905 0.0290 2.0193 79.22 81.15 f 6 0.0 48.9 65.93 63.170.65950.61991.62480-9048 0.85 2.58 12.88 2.81 0.4639 0.2202 0.0304 1.9886 75-87 78.06 t 7 0.0 48.2 66.45 64.27 0.6599 0.6098 1.6593 0.9395 1-00 2.68 11.89 2.18 0.4485 0.2159 0.0291 1.9826 75.84 78.03 
k" 8 0.0 46.1 66.92 64.11 0.6593 0.6167 1.6933 0.9323 1.40 2.95 10.51 2.81 0,4296 0.2000 0.0274 2.0069 77.32 79.41 
$ 9 0.0 43.3 68.60 64.70 0.6457 0.6295 1.7869 1.0782 1.46 2.83 6-22 3.90 0.3963 0.1831 0.0248 2.0754 78.63 80.69 
t 10 0.0 45.0 69.21 66.00 0.6380 0.61% 1.8145 1.0822 1-11 2-49 5-48 3.21 0.4012 0.2086 0.0266 2.0773 75.713 78.04 I 11 0.0 48.0 69.83 68.260.529fi0.59631.84051.0809 0.79 2.12 5.65, 1.57 0.4075 0.2400 0.0276 2.0556 72.02 74.67 
t SL V - 1  - 2  V M - 1  YE-2 VD-1 M-2 U-1 U-2 V ' -1  ' - 2  Mg- I  MIg-2 WDVK.1 RiEOVM-2 PSI-1 EPSI-2PCTTE P FT/SEC FT/SEt FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC TTISEC FT/SEC FT/SEC FT/SEC FTfSEC tBMIFT2SEC LBM/FT2SEC DEGREE DEGREE SPAN 
i 1 506.3 1061.8 506.3 637.5 0.0 849.1 988.9 1148.2 1111.0 704,.2 -988.9 -299.1 27-56 48.78 29.387 29.665 0.0500 2 545.8 1052.5 545.8 655.7 0.0 823.3 1052.3 1180.9 1185.5 746-9-1052.3 -357.7 29.27 50-98 24,415 25,365 0.1000 
1 3 585.3 1028.8 585.3 665.1 0.0 785.0 1114.2 1213.7 1258.5 791,.3-1114.2 -428.7 30.76 52.45 19.3D9 21.986 O.lS00 4 667.9 889.3 667.9 606.2 0.0 650.7 1277.0 1312.0 1441.1 897,.1-1277.0 -661.3 33.47 48.61 7.461 11.389 0 . 3 W  
5 685.5 758.6 685.5 502.9 0.0 567.9 1458.1 1443.1 1611.2 1009.4-1458.1 -875.2 33.98 39.67 -3.624 1.252 0.5000 
6 683.8 732.0 683.B 478.8 0.0 553.6 1539.7 1508.6 1684.7 1068.3-1539.7 -955.0 333 93 37-60 -6.730 -3.309 0 . 6 m  
! 7 684.2 R0.5 684.2 477.7 0.0 539.4 1578.5 1541.4 1720.4 1110.1-1578.5-1002.0 33.94 37.66 -8.021 -5.5280.6500 8 683.6 728.0 683.6 501.0 0.0 528.2 1617.2 1574.2 1755.7 1159,.7-1617.2-1045.9 33.92 39.82 -9,553 -7.611 0.7000 
i t 9 670.6 745.1 670.6 538.1 0.0 515.4 1730.5 1672.5 1855.9 1276.1-1730.5-1157.1 33.55 43.57 -15.056 -13.923 0.8500 
f 10 663.2 737.4 663.2 517.3 0.0 525.6 1765.8 1705.3 1886.2 1288.1-1765.8-1179.7 33.33 41.77 -16.821 -15.974 0 . W  
I 11 655.1 714.5 655.1 475.4 0.0 533.3 1799.6 1738.0 1915.1 1295.1-1799.6-1204.7 33.09 38.18 -18.037 -17.028 0.9500 
i U C l I A 1  El./Al T02/T01 P02/PDl EFF-AD EFF-P 
i LBM/SEC KG/SEC ROTOR ROTOR SQFT S4F1 X % 
40.24 196.36 1.2997 2.1626 82.25 84.05 
i AlRFOIL AERODYNAMIC SLIMPARY PRIM 
i 105 PERCENT DESIUN SPEED (STATQI PERFORWNCE) RUN NO 111 PEED CODE 5 POINT NO 1 
I3 -1 
DEGREE 
51.2 
49.8 
47.9 
43.9 
44.4 
44.9 
44.1 
42.6 
40.4 
41.6 
43.3 
E -2 
MGREE 
-4.0 
-5.6 
-4.7 
-5.6 
-5.0 
-3.2 
-4.0 
-4.5 
-4-1 
-3.1 
-3.4 
IN CS 
DEGREE 
-3.27 
-2.61 
-3.91 
-9.03 
-9.55 
-8.92 
-9.66 
-11.26 
-15.58 
-16.68 
-20.34 
1 
1 SL V - 1  V-2 VM-1 VM-2 VO-1 
i FTISEC FTISEC FTISEC FT/SEC FT/SEC 1 1 1 0 1 . 2  951.5 722.5 9Q9.0 831.0 
I 2 1089.0 950.7 728.6 945.8 809.3 
! 3 1066.1 971.3 733.7 967.9 773.4 
8 .  
, ,  
4 936.9 890.1 680.5 885.7 643.9 
5 809.7 763.6 578-9 760.7 566.1 i j 6 785.5 744.9 556.6 743.7 554.3 
7 777-0 745.8 558.0 744.0 540.7 
8 786.7 752.0 580.5 759.6 530.9 
9 813.5 801.0 623.5 798.9 522.5 
10 814.1 799.2 613.3 797.9 535.3 
11 802.7 786.5 589.9 785.0 544.4 
NCORR WCORR WCORR 
INLET INLET INLET 
.- RPM LBM/SEC KG/SEC 
ul 
ul 
13081.70 179.30 81.32 
IN CM 
DEGREE 
-0.31 
0.51 
-0.54 
-4- 78 
-4.19 
-3.18 
-3.78 
-5.26 
-9.36 
-i0.44 
-14.20 
RHOVM-1 
KG/M2 SEC 
261.37 
RHOVM-2 
KG/MZ SEC 
320.78 
326.83 
345.33 
333.31 
287.43 
278.87 
278.99 
284.72 
293.70 
287.92 
277.80 
DEV 
MGREE 
9.82 
6.35 
6.13 
4.36 
5.07 
6.88 
6.16 
5.74 
8.24 
10.65 
12.98 
TURN 
DEGREE 
55.22 
55.43 
52.58 
49.59 
49.41 
48.10 
48.13 
47.07 
44.47 
44. n 
46.74 
EPSI-1 EPSI -2 
RADIAN RADIAN 
0.3730 0.0841 
0.4250 0.0745 
0.3680 0.0662 
0.2260 0.0373 
0.0703 -0.0073 
-0.0269 -0.0294 
-0.0759 -0.0402 
-0.1183 -0.0510 
-0.2193 -0.0786 
-0,2448 -0.0882 
-0.2750 -0.0968 
oME64-8 
TOTAL 
0.3719 
0.3539 
0.2668 
0,1132 
0.0555 
0.0532 
0.0574 
0.0751 
0.1520 
0.1908 
0.2320 
LOSS-P 
TOTAL 
0.0854 
0.0826 
0.0036 
0.0285 
0.0150 
0.0148 
0.0162 
0.0215 
0.0454 
0.0577 
0.0710 
MI-2 RHOVM-1 RHOVM-2 PCT TE EPSI-1 
m/SEC LBM/FIZSEC LBM/FT2SEC SPAN DEGREE 
-69.5 53.53 65.70 0.0430 27,101 
-95.5 55-01 66.94 0.0901 24.349 
-81.4 56.23 70.73 0.1410 21.085 
-88.1 52.89 68.27 0.2989 12.949 
-66.5 44.36 58.87 0.5086 4.825 
8 42.43 57.11 0.6103 -1,544 
-51.9 42.69 57.14 0.6598 -4.35i 
-60.1 44.74 58.31 0.7l07 -6.779 
-58.0 48.61 60.15 0.8620 -12.591 
-44.1 47.43 58.97 0.9101 -14.024 
-47.9 45.15 56.90 0.9571 -15.758 
TO/TO PD2lP01 PORO ER-AD EFF-P 
STAGE STAG& STAGE STAGE 
116 X 
1.2997 0.9435 2.0403 75.40 77.71 
P02/ 
PO1 
0.8336 
0.8443 
0.8859 
0.9601 
0.9848 
0.9863 
0.9854 
0.9804 
0.9583 
0.9981 
0.9389 
EPSI-2 
DEGREE 
4.821 
4.266 
3.794 
2.139 
-0.421 
-1.685 
-2.304 
-2.923 
-4.502 
-5.051 
-5.54 9 
Tono 
STAQ 
1.3338 
XLFF-A 
TOT - T G  
6a. c-0 
70-91 
76-99 
83.59 
77.13 
73.90 
74.34 
75.27 
73.50 
69.16 
64.81 
4 AIZOIL ERODYMMIC SW!#RY PR f NT 
i 105 PERCEtir OESIffi SPEED (ROTCR PERFB.W!lCE) RW 110 I f1 PEED CODE 5 PDINT NO 2 v l h  F ~n SL V-1 V-2 VM-1 VM-2 VD-1 M-2 8-1 U-2 V' -1  V'-2 V0'-1 W1-2 RHOVM-1 RHOYYr2 @SI-1 EPSI-2 
i M/SEC Y/SEC M/SEC M/SEC M/SEC W E C  WSEC M/SEC M/SEC M/SEC M/SEC M/SEC %/a SEC YS/P12 SEC MDlll!t #DEAN 
! I 1 155.8 331-1 155.8 199.8 0.0 264.0 302.0 350.6 339-8 217.8 -302.0 -86-6 135.75 243.54 0,5118 0.5140 Z 2 167.9 323.9 167-9 202-3 0.0 253.0 321.3 360.6 362.6 229-1 -321-3 -107.7 143.56 255-21 a-4245 0.4466 
I j 3 179.9 312.6 179.9 201-8 0-0 238.8 340.2 370.6 384.9 241-0 340-2 -131-8 150.n 257-75 0.34il 8.3788 
h -I 4 204.4 270.1 204.4 181-9 0-0 199.7 389.9 400.6 440.3 27.1 -389-9 -200-9 163.47 235.39 0-1256 0-1952 C i 5 208-9 234.1 208.9 151.4 0-0 178.5 445.2 440.7 491.8 302'.6 -445.2 -262-0 165.54 192.38 -0-fIfici6 0.0289 6 208.4 223.6 208.4 143.2 0.0 121.7 li70.2 460.7 514-3 322.5 470-2 -288-9 165.30 181.81 -0-1164 43.0599 
7 208.6 220.9 208.6 144s6 0.0 167.0 482.0 470.7 525.2 336.3 -482.0 -303.6 165.38 184.43 -0.13% -13.0976 
8 208.3 223.8 208.3 152.8 0.0 163.5 493.8 4m.7 536-0 352.1 -493.8 -317-2 165.28 l96.33 -13.1675 -0-1327 
9 203.6 227.0 203.6 163.0 0.0 258.0 528.4 513.7 566-3 388.6 -528.4 -352.5 163.12 213.70 -0.2693 -0.2428 
10 201-1 223-8 201-1 154.7 -0.0 161-7 539.2 520-7 575.5 391.0 -539.2 -359.0 161.91 201-81- 4.3093 -0-2799 
11 198.6 215.1 198.6 137.4 0.0 165.5 549.5 530.7 584.3 390'.2 -549.5 -365.2 160.71 17F-56 -0.3191 -0.3127 
SL a-1 8-2 0'-I 8'-2 - 1  Pr2 M'-1 M1-2 INCS I i i C M  DEV mW D FAG OtrEGB-0 LOSS-P Pa21 XEFF-R % E S P  
DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL W1 TOTAL TOTAL 
1 0.0 !2.&62.42 23.210.4&310.94071~05380.6lE8 -2.66 1.44 1.27 39-21 0.5367 8.183 0.0362 2.5665 90.78 91.91 
2 0.0 51.4 62.21 28.06 0.5227 0.9188 1-1287 0.6501 -1-52 2.19 10.28 34-14 0-5352 0.1536 0-0302 2.5492 91-35 92.41 
3 0.0 50.0 61.97 33.35 0.5623 0.8357 1.200 0.6829 -0.47 2.92 9.90 28-62 0,5296 0,1281 0.M51 2.4957 Q1.78 92-26 
4 0.0 47.9 62.26 48.080.&480.76971.38900.7632 0.36 2.64 12.98 14-28 (3-S16 0.1275 0.W7 2.2555 82-83 90.07 
5 0.0 49.7 64.86 59.93 0.6603 0.6513 1.5546 0.2418 0.69 2.54 14-37 4-92 0-4928 0.2018 0,0299 Z 3 5 A  75-97 8I ,E  
?i 6 3.0 49.9 66-42 63.43 0.6585 0.6195 1.6252 0.8933 0-88 2.62 13.14 2.59 0.4728 0.2182 0.0299 2-0136 76.38 78.57 
1 7 0-0 48.8 66-48 ffl.300.65910.61181.65980.9313 1.04 2.n 11.92 2-18 0,4550 9.2183 0.02M 2-Oi74 T6-73 78.93 I 8 0.0 46.6 66-96 63.97 0.6584 0.6205 1.6937 0.9761 1-44 2-'99 10.38 2.99 0,4337 0.1922 0.0265 2,0457 78.49 80.52 9 0.9 43-6 68.74 @.840.64230.62831.7861.1.0750 1.a 3-02 6.37 3.90 0.3% 0.1234 0-0234 2.1049 79-81 81-82 k 10 0.0 45.8 69.39 66.38 0,6336 0.5152 1.8132 1,0748 1.28 2.156 5.85 3.01 0.4061 0.2048 0.0258 2,0995 76.25 78-57 
1 0.0 50.0 69.99 69.20 Q.6252 0.5864 1.8393 1.0640 0.90 2,128 6.59 0.79 0.4176 0,2471 If.??272 2,9675 71.42 74-34 
SL Y-1 V-2 VM-1 VM-2 VIS-l VO-2 U-1 U-2 Vr -1  V'-2 W'-1 M*-2 RH0VPI-I RHWW EPSI-I EPSf-2 PA T£ 
FT/SEC FT/SEG FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FTiSEC FT/SEC FT/SIEC FT/SEC FTJSEC LBM/FT2SEC LBMJFTZSEC GEIZEE DECREE SPRi 
1 5Zl.L 1086.2 511.1 655.5 0.0 866.1 990.8 1150.3 1114.9 714-5 -990.8 -284.3 27.W 50.95 29.326 29-450 D.QSDO 
2 550.9 1062.6 550.9 663-6 0.0 829.9 1054.3 1183.2 llE9.5 751-8-1054.3 -353.2 23,40 52.27 24.321 25-591 0.1ZWO 
3 590.2 1025.7 590.2 662-0 0.0 783.4 1116.3 1216.0 1262.8 790-8-1116-3 -432.6 30.87 52.79 19.546 21.701 0.1500 
4 670.6 886.3 670.6 596.9 0.0 655.2 1279.4 1314.5 1444.5 889,36279-4 -659-3 33-58 48.21 7-198 11-2400-3W 
5 685.4 768.2 685.4 496.6 0.0 586.1 1460.8 1445.8 1613.6 992,8-1460.8 -859.7 33.93 39.40 -3.699 1.0lfk 0-5990 
6 683.7 733.7 683.7 470.0 0.0 563.4 1542.6 1511.5 i687.3 1058.1-1542.6 -948.0 33.86 37.24 -6.671 -3-431 O,MX)(I 
7 684.3 724.8 684.3 474.3 0.0 548.1 1581.4 1544.3 1723.1 1103.4-1581.4 -996.2 33.87 37.n -7,964 -5.5% Q.6500 
k - 8 683.5 734.3 683.5 501.4 0.0 536.5 1620.2 1577.1 1758.5 1155.1-1620.2-1040,C 33.85 40.29 -9,595 -7.502 0.XiOO 9 668.1 744.7 668.1 534.8 0.0 Sl8.3 1733.7 1675.7 1858.0 1274.9-1733.7-1157-3 33.41 43.77 -15.435 -13-939 0.8500 
, 10 659-8 734.3 659.8 507.7 0.0 530.4 1769.2 1708.5 lBE888.2 1202.8-1769.2-11?%.0 33.36 i 41.34 -17-207 -36-038 0.9000 
11 651.7 705.7 651.9 450.8 0.0 542.9 1803.0 1741.3 1917-2 1280-4-1803.0-1198.4 32-92 36.37 -18.234 -17.918 @.9500 
1 WC1 /A1 WCI,/Al ~ 0 2 1 ~ 0 1  ~ ) 2 / ~ 0 1  EFF-AD EFF-P IBrsfSEC KG/SEC ROTR ROTOR 
s4FT sm 1: % I 40.26 196.47 1.3034 2.1976 83.14 84-88 
I 
i AIRFOIL RERODYNANIC SWRY PRINT 105 PERCENT DESIGN SPEED (STATOR PERFORMANCE) 
k 
RlJN NO 111 SPEED CODE 5 POINT flD 2 
8-1 B-2 M - 1  
DEGREE DEGREE 
51.0 -0.7 0.9810 
49.7 -0.4 0.9562 
47.9 -1.2 0.9231 
44.6 -3.2 0.0J55 
45.8 -3.5 0.6961 
46.0 -3.5 0.6657 
45.0 -3.5 0.6605 
43.2 -3.2 0.6715 
40.8 -1.9 0.6875 
42.3 -1-3 0.6821 
45.0 -1.2 0.6632 
INCS INCIl DEV TURN D-FAtC OMEGA-B 
DEGREE DEWEE DEGREE DEGREE TOTAL 
-3.43 -0.67 13-20 52-68 0-3~32 0.2947 
-2.75 0.37 11.54 50.10 0.3036 0.2485 
-3.89 -0.52 9.65 49.08 0.2779 0.1699 
-8.41 -4-17 6-81 47.33 0.2897 0,0856 
4-22 -2.86 6-56 49-25 0,3304 0.0425 
-7.32 -2-08 6-59 49.49 0.3302 0.0339 
-8.83 -2.95 5-66 48.46 0.3175 0,0354 
-10.65 -4.66 7.16 46.26 0.2997 0.0484 
-15.16 -8-94 10.45 42.68 0.2762 0.1192 
-15.94 -9.70 12.47 43-63 0.2822 0.1455 
-18.62 -12.48 15.20 46.23 0.2939 O.ln9 
LOSS-P P02/ 
TOTAL P01 
0.0678 0.8645 
0.0583 0.8895 
0.0406 0.9281 
0.0216 0.9704 
0.0115 0.9884 
0.0099 0.9914 
0.0100 0.9910 
0,0139 0.9873 
0. '0357 0.9676 
0.0441 0.9611 
0.0527 0.9561 
PD/PD 70AU XEFF-A %SF-P 
STAGE SThU TOT-STG TOT-STG 
2.2185 1,3102 75.12 77-21 
2-2672 1.3353 78.55 80.N 
2,3145 1.3250 03.35 85.18 
2.1813 1.2938 84.96 86-50 
2.0275 1.2897 77-24 79-36 
1.9976 1-2908 75,T8 77.45 
2,0044 1,2888 76-12 78-31 
2.0299 1.2892 7L51 79.61. 
2,0392 1.2975 75.89 78-15 
2.0i65 1.3111 7l.-34 73-99 
1,9746 1.3238 66.26 59-23 
SL V - 1  V-2 V M - 1  VM-2 W-1 M-2 RHOVM-1 RHOUM-2 PCTTE EPSI-1 EPST-2 
iT/SEC FTISEC FT/SEC FT/SEC FTISEC FF/SEC LBWFTZSEC WMIFRSEC SPAN DEGREE EGREE 
1 1125.4 953.7 740.2 953.7 847.7 -11.4 55.63 70.70 0-0430 26,952 4.763 
2 1099.4 953.1 736.8 953.1 816.0 -7-4 56.34 72-41 0.0901 24,094 4.117 
3 1062.9 951.0 730.9 950.8 771-8 -20.1 56-64 74.24 0.1410 20,965 3.495 
4 932.9 832.1 670.6 830.8 648.5 -46.2 52.55 67-17 0.2989 12.934 1-648 
5 816.5 713.3 570.3 7l2.0 584-4 43.6 44-02 57.30 O.SO86 3,733 -0,753 
6 784.3 692.5 545-0 691.2 564.0 -42.4 41.99 55-35 0.6103 -1.849 -1,939 
7 778.0 699.7 550.9 698.4 549.G -42.7 42.66 55-99 0.6593 -4.573 -2.523 
8 789.9 722.4 577.2 721-3 539-2 -39.2 45.06 57.87 0.7107 -6.811 -3,117 
' t 9 809.7 753.2 616.3 Fq.7 525.1 -25.2 48.66 59.39 0.8620 -12.119 4,606 
'1 10 807.8 751.1 601.1 750-9 539-7 -17.3 46.99 58.17 0.9191 -13.524 -5,123 l! 791.3 735-9 564.8 735.8 554.2 -15.9 43.53 55.81 0.9571 -15.457 -5.580 
i NCORR 8CORR WCORR  TO PO~/POL W/PD EFF-AD EFF-P INLET XriLET INLET STAGE STAGE STAGE STAGE 
+ 
RPM LEiM/SEC KG/SEC Id % 
V, 13090.20 179.40 81.36 1.3034 0.9584 2.1062 78.16 80.30 
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105 PERCENT DESIGN SPEED {ROTOR PEWatP'AtlCE] R&< fi0 I F 1  S E E D  a)M 5 POINT #O 4 
.c1 
0 S V-1 V-2 V S l  VM-2 W-1 MI-2 $1 - 2  Y ' J  tb-2 Wq-1 Wr-2 RHEWX-Z f%OltKZ EPSI-1 PSI-?. 
g/SEG Mj'SEC Mi% RlSEC M/SE[; M/SEC I"fSEE W5EC H/S€C PllSEC WSEC S&EC KG/@ SEC ECF@ K C  WiDIHI RAOIKI 
1154 .6  333.5 155.6 194.8 0.0 270-6 3w.5 351.3 3 0 - 2  210,8-3ce.6 m.6 135.1~ 251,s Q-nis 0-nszr 
2 167.6 323.6 167.6 195-2 0-0 258.1 321.9 361-3 363-0 220.8 -321.9 -103.2 142-% 256-01 t1-4242 0.441P4 
3 179.5 309.C 179.5 143.8 0-0 243-1 340.9 371-3 385-3 229.9 -340.9 -lZ8-3 13-06 253-15 0.3407 0-3&f6 
S 4 204-3 273.5 204.3 170-2 B.0 214.2 390-7 401.4 440.9 253.0 -390.7 -187-2 162.97 229.05 0-$305 0.1%7 5 211.4 247.2 211.4 148.4 0-0 197.7 446.1 441-5 493.6 285.4 -446.1 -243.8 156.16 199-09 4.R591 O.WlS 6 211.3 240.1 211.3 143.7 0.0 192.4 471.0 461.5 S5-3 305-1 -471.0 -269-2 166.14 192.92 -0,1223 4.0546 1 7 211.1 241.2 211-1 150.3 0-0 188.6 482.9 4n.6 527.G 320.4 4W.9 -283.0 L66.03 2W.12 -0-1536 -0--3 
8 209-8 243.4 209.8 156.9 0-0 186.1 494.8 481.6 537.4 334.6 -494.8 -295.5 165.48 213-32 -0-3895 -0.1305 
9 201.4 239.0 20X.4 350-4 0.0 185.8 529.4 s l l -7  566-4 358-9 329.4 -325.8 161-60 205.03 -0-2935 -0-2SO? 
It! 198.3 234.7 198.3 135.3 0.0 191-8 540.2 521-7 575.5 355.6 -540.2 -329.9 16R09 18f-53 53.3192 4.26327 
11 196.0 229.5 195.0 118.8 5.0 195.3 550.6 531-7 584-4 355.8 -550-6 -335.4 lti8.95 115.-06 4-3?32#ir 4.3177 
S t  B-1 B-2 Bm-I B'-2 31-1 M-2 tit-1 PI'-2 3 l E S  I M C H  D f t  TtRN D F X  OEG4-B FMT-P W( XSF-WZFF-P 
DEGREE DE[F,EE DE(3IEE DEGREE DEotEE DEGREE EO1EE EREE ~ ~ i ? k t  ~mirt   ill ma larat 
1 9.0 54.0 62-50 22.27 0,4814 0.9434 1,0523 0.5965 -2.58 1-9 10.33 40.23 0.5625 0.1217 0.0238 2-69s 94-13 94-89 
2 0-0 53-0 62.28 27.92 0.52C?8 0.9134 1,1275 0,6232 -1.44 2-23 10.24 3 - 3 6  0,5623 O.lfJ13 0.01% 2-5607 9$*1$1 5-12  I 3 0.0 52.1 62.06 34.12 D.5FrDO 0.8700 1.2017 0,6673 -0.38 3.m 10.67 27-94 0.5616 0-0935 41.0181 t J & i S  94-30 94-83 
ri 4 0.0 51-8 62.33 47-97 0.6432 0.7629 1.3839 0-X)57 0-43 2.Z 12.i7 14-35 0.5608 0.3215 0.11217 2.3951 90.Ui! 91-16 5 0.0 53.0 64.61 58.1610.66M0.68101~55~OD.78W 0.47 2.32 13.W 6.03 0.HFI 0.1W 0.0282 2-2707 R.K, 84-43 I b 6 0.0 53.0 65-78 61.69 0.5672 0-6582 1.6301 0,3365 0.64 2-37 11-40 4-09 0.52@3 0.2998 0-0290 2-25436 a.18 82-23 
7 D.0 51.1 66.31 61.75 0,6663 0.6612 1.6638 0-8785 0.87 2-55 9.37 4-56 0.5007 O-lEBl O.@C)2A? 2,2W 31-92 iG,f% 
8 0-0 49.5 66-!33 6l .n  0,6621 0.6673 1.6!5J 0,9172 1-61 2-97 8-11 5.23 9.4837 0,1190 0,0267 2~258 8%-63 83-66 
9 0.0 50.5 69.13 64-92 0.6333 5.6490 1.7311 0,9743 2.99 3.41 5-44 4.21 0.4690 0.2153 0.RW 2-3015 37-18 79-67 
LO 0-0 54-5 69,.83 67.46 0.6228 0.6317 1.8374 0.4597 1.69 3-07 6-93 2.34 0,4334 0-2602 0.0333 2.2W 72-57 n-52 
11 0.0 58.6 70.32 70.34 0.615l 0.6128 1.8338 0.9502 1.28 2-Q 7-73 -0+.OZ 0.4936 0-2985 0.0332 2-2645 68-27 J2-09 
S t  V-1 V-2 VM-1 Wr2 W-l W-2 - 1  U-2 B'-1 V ' 2  WOr-2 WOV&Z EWWM-2 PSI-1 fPSli4VCTXE 
FT/SEC FT/SEC FI/SEC FTiSEC FTISEC FTISEC FT/SEC EJSEC ff1SEC fl15EC REG FTJSEE LBP2/FRSE(Z W F X S E C  DE- P A N  
1 510.4 1094-1 510-4 639.2 0.0 885-0 992-7 1152.5 1116-2 691- 7 -992-7 -254-5 27-68 51-58 29,328 29-21 0.950rS 
2 550-0 1061-7 550.0 640.4 0.0 846-8 1056.3 1185.4 11%-9 724.C-1,0?56.3 -338.6 29-28 52.43 2<-383 25.694 O.'POOCD 
3 589.1 10138 589.1 626.0 0.0 793.5 1118.5 1218.3 1?61.1. 754.3-1,118.5 420.8 30-73 51-84 29,522 23-EB4 0.15011 
t 4 670.3 897.5 673.3 558.3 0.0 702-7 1285.8 1317.0 1445.5 830.1-3281-8 -614.3 3338 46-91 7-4E lf-230 QO.m 
I 5 693.5 811-2 693.5 487-1 0-0 648.7 1463-6 1448.6 1619-6 936-5-11463-6 -799.8 3-03 4 0 - n  - 3 . 4 ~  3.233 0-5000 
i 6 693-3 757-8 693.3 471.5 0.0 631.1 5545.1 15148 1693.3 1001.2-1.545-5 -883.2 34-03 39-51 -7,XtWi -3.131 0,6!XB 7 692.5 791-2 692.5 993.2 0.0 aB.7 1584-4 1547.2 1729.2 1051-4-E594.4 -928-5 34.M S1.f;o -8-801 -5-2'9 0.65Gll 
i, 8 688.4 7'18-7 688.4 514.9 0.0 610-5 5623.3 1580.1 1763.2 1097-8-1 623.3 -959.6 33-89 43.69 -10.855 -7,435 D-?DOr)r 
i 9 a9 .8  784.3 ffi0.8 493.3 0.0 609-7 1737.0 1678-8 1 ~ 8 . 4  11n-a-1n7-0-1069.1 33-10 41-79 - 1 6 - ~ 4  -34,336 O.BSCKI 10 5650.7 170-0 650.7 443.8 0.0 529.2 17ir2.5 17i1.7 1888-1 1169,9-1772,5-1W.5 32-29 37-18 -18.288 -1i6.4336 0.9WJ i 
i 11 643.3 753-1t 643.1 389,9 0.0 #4-2 18l6.4 1544.6 1917-5 3367.4-1836.4-11W.4 32-55 32-31 -18-BL -38.232 0 . W  
I );CL/Al lKl/Al TO2nOl Pl)rljPOZ EFF-AD EW-P LBWSEC KGISEC ROTOR ROTOl 


! 
AIRFOIL AERODYMMIC SUMWRY PRINT 
t 105 PERCENT DESIGN SPEED (STATOR TERFmWNE) RUN 10 111 SPEED CODE 5 POI?iT WO 5 
I L V-3 V-2 VM-1 VM-2 VO-1 VO-2 PHOVM-1 RHWM-2 EPSI-1 EPSI-2 
M/SEC M/SEC M/SEC M/SEC MfSEC M/SEC KG/M2 SEC KG/M2 SEC FADIRE: RADIAN 
1 342.3 250.1 212.0 250.1 268.7 5.7 270.55 362.26 0.4713 0.0809 
6 
I 2 330.7 246.0 208.3 246.0 256.9 2.5 270.43 362.68 0.4201 0,0683 
3 315.8 236.5 202.9 236.5 241.9 -2.6 267.06 353.80 0.3611 0.0582 
I 4 286.7 207.2 1 207.2 217.8 -4.9 249.46 313.32 0.2089 0.0302 
! 5 263.3 184.8 165.5 184.6 204.8 -8.3 222.21 276.42 0.0578 -0.0070 6 258.6 1=.3 162,) 181.1 201-1 -9.7 218.87 269.32 -0.0185 -0.0252 
7 261.0 187.0 169.6 186.9 198.5 -7.0 229.45 278.21 -0.0520 -0.0340 
4 
8 263.7 194.2 174.4 194-2 197.8 -3.6 236.S 288.76 -0.0805 -0.W34 
9 262.7 199.5 167.7 199-5 202.2 -3.2 224.46 289-67 -0.1730 -0.0713 
j 
t 1 10 261.1 198.5 157.1 198.5 208.5 -1.0 207.55 283.50 -0.2075 -0.0828 j f 11 259.3 198.3 146.9 198.3 213.7 0.9 191.93 278.35 -0.2547 -0.0942 I SL 8-1 B-2 M - 1  M-2 I N S  INCM DEV TIRN D-FAC OE6A-B LOSS-P PO21 W/PO 'TD/TO XEFF-A ZEFF-P DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL PO1 STAGE STAGE TOT-SIG TOT-SG i i DEGREE DEGME k 1 53.8 1.3 0.3705 0.6803 -0.61 2.34 15.13 52.57 0,4395 0.1756 0.0404 0.9205 2.5133 1.3527 85-34 87.10 
k 2 52.7 0.5 0.9349 0.6703 0.25 3.38 12.54 52.10 0.4283 0.1322 0.0310 0.9432 2-5267 1.3446 87.95 89-40 
5 3 51.3 -0.6 B . W $  0.6452 -0.51 2.86 10.22 51.89 0.42% 0.0904 0.@16 0.9638 2.5040 1.3331 89.98 91.18 
4 49.9 -1.3 0.80CE 0.5621 -3.10 1.14 8.65 51.22 0.4685 0.0687 0,0174 0.9765 2.3988 1.3240 87-61 89-02 
5 51.1 -2.6 OS?258 0.4962 -2.87 2.48 7.49 53.68 0.5161 0.0671 0.0181 0.9802 2.3136 1.3329 8l.31 83-35 
6 51.0 -3,.1 0.70% 0.4852 -2.78 2.95 7.04 54.08 0,5266 0.0848 0.0236 0.9359 2.2979 1.3398 78.92 81-21 
7 49.5 -2.1 0.7l61 0.5008 -4.31 1.56 8.02 51-61 0.5073 0.0893 0.0252 0.9742 2.3292 1.3417 79-52 81-77 
8 48.6 -1.1 0.7225 0.5201 -5.21 0.78 9.21 49.65 0.4836 0.0811 0.0233 0.9762 2.3481 lcJ466 79.62 el-89 
5 9 50.5 -0.9 0.7l16 0.5298 -5.48 0.74 11.44 51.37 0.4764 0.0859 0.0257 0.9753 2.3480 1-3723 74-12 76-99 
B 10 53.2 -0.3 0.7019 0.5237 -5.06 1.18 13.50 53.48 0.4848 0.0928 0.0281 0.9739 2.3303 1.3893 70.17 73-45 11 55.9 0.3 0.6925 0.5198 -7.74 -1.60 16.m 55.61 0.4900 0.0973 0.0299 0.9733 2.3141 1.4066 66-54 70.18 1 SL " V - 1  V-2 VM-1 '$14-2 VO-1 - VO-2 RHOVt4-1 RHOVM-2 PCI TE EPSI-1 EPSI-;! f FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC LBM/FTZSEC LBM/FTZSEC SPAN DECREE DEGREE 
F I li23.0 820.7 695.7 820.5 881.6 18.8 55.41 74.19 0.0430 27.003 4.636 
L Z 1085.2 807.2 683.5 807.2 842.9 8.3 55.39 74-28 0,0!?31 24.072 3.915 
1 3 1036.1 775.9 665.9 775.9 793.8 -8.6 54.70 72-46 0.1410 20.689 3.332 
? + 4 940.6 680.0 611.4 679.8 714.7 -16.1 51.09 64.17 0.2989 11.971 1.731 
, i 5 863.9 606.2 543-0 605.6 672.0 -27.3 45.51 56.61 0,5005 3.313 -0,402 6 848.6 594.9 533.7 594.1 659.7 -31.8 44.83 55-16 0.6103 -1.058 -1.445 
7 856.5 613.6 556.4 613.1- 651.1 -22.8 46.99 56.98 0.6598 -2.979 -1.950 
i. 8 855.2 637.2 572.2 637.1 648.9 -11.7 48.44 59.14 0.7l07 -4.612 -2-487 
, 
I 9 861.8 654.5 550.2 654.4 663.3 -10.6 45.97 59.33 0.8620 -9.911 -4.120 
, 10 856.5 651.4 515.6 651.4 683.9 -3.3 42.9 58.06 0.9101 -11.890 -4.747 
11 850.8 650.8 482.1 650.8 701.1 3.1 39.31 57-01 0.9571 -14.5% -5-400 
NCORR WCORR 'XORR Ton0 P?2/P01 P0,QO EFF-AD EFF-P 
INLET INLET INLET STAGE STAGE STAGE STAGE 
L 
RPM LBWSEC KG/SEC x x 
m 13092.60 178.80 81.09 1.3473 0.9694 2.3802 80.91 83.07 
W 
. d 
* '- - 

kf FOIL ZROEIYt&f+IIC SCBVdtH.Y PRIIG 
105 PWCEIR !XSIQI SPED [STATE PEPFOP,%HE) RE8 !lo 111 F E E D  EaDE 5 ?OI!Ji 10 10 
I SL '-V-1 V-2 Vr,Z 1 Y3-Z YO-2 RMVlt4-1 RHOYPr2 EPSI-I. PSI-2 
! M/SEC H/SEC M/SEC H/SEC MiSEC M/SEC Efl42 5E6 a/MZ 3% RADIAN ?ADfk# 
k 1 332.9 216.8 200.9 216.7 273.0 3.3 251.14 338.11 0.4785 0,0811 
! 2 3 2 a 1  212.0 197.3 2lZ.O 262.2 -1.8 261.33 334.79 0.4303 33.@597 
g 4  3 313.1 206.2 136.3 206.2 251.6 -5.2 249.12 32P1.95 0.3635 0,0625 
I 4 239.6 186.0 177.3 125-3 229.0 -4.1 244-14 300-08 0.X5G 0.0388 I 5 274.7 178.4 165-2 178.4 219.5 -4.2 231.08 285.89 D.0522 0-Of114 6 27l.9 178.0 164.5 1 8  216.5 4 . 3  231.23 2 2 1 .  -0.015E -0.0l76 
$ *  7 273.2 181.3 169.7 181.1 214.9 -7-6 239.56 Z88,lY -0.0472 -0,0269 1 2 275.1 187.1 170-5 127.0 215.8 4 = 4  240.57 2!ZEi,9 -0.0762 -0,0368 g 9 274.8 194.0 260.7 194.0 222.9 2-3 723.77 299.50 -0.1745-O.%B 
! 10 274- 7 195.3 152-8 1 s . z  222.2 5.2 210.n 297-21. - 0 . 2 0 ~  -0-m3 11 274.3 198.3 144.5 198.2 233.1 7-0 197.58 297.28 -0,2524 -0,0934 5 SL 8-1 3-2 rrl Pi2 UidS IiiW DEY Tmrt D-FkCoEma toss-P PDz/ Porn DEGREE DEGREE DEGREE DEGREE EWE£ E G R E E  TOT& TOTAL PO1 STAGE 1 1 55.8 0.8 0.9565 02325 1.37 4-33 14-71 54-96! 0.5379 0.1632 0,@376 0.9273 2,5505 
2 54.8 -0.5 0.9251 0.59M 2-41 5.54 11-54) 55.30 0.5371 Q.I3P,9 0.0326 0,9410 2,5539 i 3 54.7 -1.6 0.8720 0.5549 2.5 6-32 9-27 55.30 0.5330 0.13230 0.0391 0,9525 2-5493 4 52.6 -1.3 5.2058 0.49B -0-39 3.86 2-73 53.E6 0.55% 0,8703 0.0179 0.9754 2,C%6 
tr 5 53.1 -1.5 0,7546 0.4fSO 4.91 4.45 8-54 54.59 0.5709 0.074% 1S,tPQD 0.9767 2,47J6 b 6 52.8 -2.7 0.7431 0.4721 -l.W 6-70 7-43 55.43 0.5763 0-089G 0.0249 0.9725 2,4757 
I 7 51.7 -2.4 0,7476 0.4Xl6 -2.10 3.77 7-74 54.11 0.5671 0,0923 13.E72 0.5697 2,48!31 
r 2 51.7 -1.3 0.7427 0.4952 -2-12 3.87 5-92 53-02 Q.R% 0-0946 0-0272 0.9705 2.5113 9 54.3 0.7 0.7379 11.5081: -1.69 4.62 13.03 53.66 0.5355 0,1016 0,0?% 0.5691 2 . a  
i; 10 56.4 1.5 0,729 0.5087 -1.86 4.38 15=28 5 4 - 9  5.5355 D-1LB7 0.0329 L7.9573 2.937 i! 11 53.6 2.0 0.7273 0.337 5 1-10 l2-42 56.59 0.5328 0,1079 0.033i 0.9520 2,5125 i. 
?-.,,, 5L V-1 11-2 VFrl %'&? '13-1 'YO-2 PSIOVPrl RHO"#-2 PCTTE EPSI-I £PSI-2 
1 FTJSEC R/SEC FTISEC FTI'SEC FTBEC FTGEC L E H / ~ Z S E S E C  LZWFTZSEC SPP:~ EREE EEEE 
1 1112-0 711.2 659.0 711.1 295.6 10.9 53.48 69,251 0.W30 27,418 4.544 
2 1076.6 695-5 647.5 695.5 E0.1 -5.8 53-52 68-57 8.WL 24.655 3 - 5 3  
3 1027.2 676-6 611.3 676.4 225.5 -18.9 51.02 67-31 0-P410 20.826 3.578 
I 4 950.2 610.1 581.6 610.0 751.4 -13.6 50.1)0 61-46 8.2939 11.206 2-224 
! 5 901.3 525.4 542.0 525.2 720.1 -15.6 47-33 58.55 0.5026 2.933 0.078 
5 a92.1 58%-63 539.7 523.4 7l0.3 -27.2 47-26 58.W 0.61Ea 4 ,%8  -1-QD9 
7 892.3 594.3 556.7 594-3 705-1 -25.1 49.06 59.02' 0.6592 -2. E 7  -1-543 
2 932.5 613.8 559.4 613-6 738.2 -14.4 49-27 60-73 0.fl07 4.362 -2,110 
I 9 9M.5 636.4 527.3 636.4 731.2 7.5 45.B 61-34 ~ . 8 m  -9.995 -3-910 
10 91.2 610.7 501.4 g0.4 748.8 16.9 43.17 60-ZT 0.9101 -Il,a42 -4,601 
11. 299.9 650.7 474.0 650.3 765.0 23.0 40-47 60.S1 D.9571 -14.&6% -5.349 
NCORR K0FiR KWh,R TOiiQ FB2/PO1 PDl/PO EF4.D EFF-P 
IltlR I:lLU illLET STAGE STAGE STAGE STAGE 
P.F# IEM/SEC YG/SEC d ~z d 
- 
a 13092.20 172.M W.73 1-37% 0.9679 Z450% 80.57 82.98 
ICI 
c AIPJOIL RERODWlAMIC SWMRY PRINT 
a 
01 
105 PERCENT DESIG8 SPEED (ROTOR PEPJORYANCE) RE{ 80 111 SPEED CODE 5 POItiT NO 8 
SL V - 1  V-2 VI%l Vf4-2 \TI-I VCI-2 U-1 U-2 V S - l  V'-2 W'-1 W1-2 2011Prl RHOVH-2 EPSI-1 £PSI-2 
H/SEC M/SEC H/SEC IY/SEC M/SEG M/SEC I4/SEC II/SEC M/SEC K/SEC M/SEC M/sEc KG/% 5EC KG182 5EC RADIAII MDIAW 
1 1 5 1 . 9  333.l 151.9 183-4 0.0 2lB.9 302.6 351.3 338.6 194-0-302.6 -71.3 133.09 237.28 0.5120 0 ,237  
2 163.5 320.8 163.5 176.7 0.6 267.8 322.6 361.4 361.2 209.0 -322.0 -33.6 140.78 236.06 0.4249 0.4611 
3 174.9 307.9 174-9 l7l.5 0.0 255-7 341.0 321.4 383.2 206.9 -341.0 -115.7 147.81 232-20 0,3452 0.38%3 
4 200.8 282.7 200-8 159.6 0-0 233.3 390.7 401.5 429.3 231.8 -390.7 -108.2 161-78 222.91 0-1497 0.2022 
5 212.8 265.7 212.8 148.4 0.0 221.6 446.2 441.6 494.3 265.4 446-2 -220-0 167.29 210-72 -0.0456 0,0274 
6 213.5 263.2 213.5 148.7 0.0 217.2 471.1 461.6 517.2 236.1 -471.1 -244-4 167.56 212-48 -0.1221 -0.0508 
7 212.8 264.7 212.8 154.1 0-0 215.2 483.0 471.7 527.8 2% 2 -483.0 -256-5 157.29 221-44 4.15% -0.09137 
8 210.9 265.4 210.9 154.3 0.0 215.9 494.9 481.7 537.9 303.3 494.9 -265.8 166-47 221.95 -0.19Z -0.1315 
9 201.3 261.7 201.3 138.6 0.0 222.0 529-5 511.8 565.5 321.2 -529.5 -289.8 162-03 197.8) -0.2931 -0.25I.8 
10 198.1 259.4 198.1 125.9 0.0 226.8 540.3 521.8 575.5 320.8 -540.3 -295.1 160.48 178.65 -0-3220 -0.2877 
11 195.7 256.5 195.7 112.0 0.0 230-7 550-7 531.8 584-4 321.3 -550.7 -301.1 159.28 158.13 -0.3324 -0.3168 
SL B-1 8-2 5'-1 8'-2 M-1 M-2 R'- l  2 INCS INCH DEV TU9N D FAC 0EGA-B LOSS-? P02i XEFF-A 'IEFF-P 
DECAEE DEGREE OEWEE DEEJiEE DEEREE MOiEE MREE DEG?EE TOTAL TOTAL PO1 70iBL TOTkt 
1 0.0 57.1 63.06 21.47 0.1695 0.9370 1,0466 0.5456 -2.02 2.07 9.52 $1.59 0.6148 0-1519 0.0299 2.7483 92-93 93-86 
2 0.0 56-8 62.88 28.11 0.5072 0-8992 1.1202 0.5604 -0.25 2.86 '10.32 34.77 0.6206 0.1429 0,0281 2-6973 92-47 93-43 
3 0.0 56.4 62.72 34.29 0.5446 0.8600 1.1931 0.5778 0.28 3.67 10.84 28.43 0,6224 0.1374 0.0266 2.6400 91-88 92-91 
4 0.0 55.9 62.81 46.770.63110,~211.3~80.~14 0 . 9  3.19 10.97 16.04 0.6142 0.1342 0.0255 2.5657 90.03 91.26 
5 0.0 56.1 64.47 55.94 0.6722 0,7285 1.5614 0.7249 0.30 2.15 10.37 8.53 0.5929 0.1719 0.0285 2.5428 85.26 87-05 
6 0-0 55.4 65.56 58.45 0.6744 0,7155 1.6342 0,7776 0.43 2.X 8.16 7-11 0.5725 0,1824 0.0292 2.5%4 83-66 25-65 
7 0.0 54.1 66.16 58.E0.67B0.71861.65720.8122 0.72 2.39 6.33 7-45 0.5571 0.1785 0.028& 2.5E23 83-73 85.74 
8 0.0 54-1 66.86 59.52 0.66580.7l8) 1.6979 0.8314 1-34 2.93 5-93 7.34 0.5524 0.1902 0.0305 2-6iFLl e2.44 #.fiL 
9 0.0 57.7 69.17 64.13 0.6328 0.6974 1.7809 0.8560 2.03 3.45 5.66 5.M 0.5555 0 2 5 %  0.0353 2-6119 75.84 78-83 
10 0.0 60.6 69.83 66.63 0.6221 0.6862 1,i370 0.%87 1.73 3.10 6.10 3.21 0.5643 0,2885 0-0359 2.6081 72-33 76-07 
11 0.0 63.9 70.37 69.43 0.6140 0.6738 1.8333 0.8440 1.33 2.66 6.82 0.94 0.5707 0.3187 0.0348 2,5037 59-96 73-66 
SL V-1  V-2 VM.1 VM-2 W-1 K)-2 U-1 U-2 V'-1  V'-2 v0'-1 v0'-2 RHO'lPrl 
FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC rT/SEC FI/SEC LBM/FBSEC 
1 498.4 1092.8 4B.4 591.8 0.0 918.7 992.9 1152.7 1111.0 636.4 -992-9 -234.0 27.26 
2 536.6 1052.7 536.6 579.8 0.0 878.6 1056.5 1185.6 1184-9 656.1-1056.5 -307.0 28-83 
3 574 .O 1010.3 574.0 562.8 0.0 839.0 1118.7 1218.5 1257.3 678.8-1118.7 -379.5 30-27 
4 658.8 927.5 658.8 523.6 0.0 765.5 1282.0 1317.3 1441.4 760.6-1282.0 -551.7 33-13 
5 698.3 875.1 698.3 487.1 0.0 Z7.1 1463.9 1448.8 1621.9 870.7-1463.9 -721.8 34.26 
6 700.3 863.7 700.3 487.9 0.0 712.7 1545.8 1514.6 1697.1 938.7-1545.8 -801.9 34.32 
7 698.3 868.5 698.3 505.6 0.0 706.1 1584.8 1547.5 1731-8 981.7-1584.8 -841.4 34.26 
8 692.1 870.7 692.1 506.3 0.0 708.4 1623.6 1580.4 1765.0 1008.3-1623.6 -872.0 34.10 
9 660.5 858.6 660.5 4%. 6 0.0 728.4 1737.4 1679.2 185S.7 1053.9-1737.4 -350.8 33.18 
10 650.1 851.1 650.1 413.2 0.0 744.0 1772.9 1732.1 1888.3 1052.6-1772.9 -968.1 32.87 
11 642.2 841.5 642.2 367.6 0.0 757.0 1836.7 1745.0 1917.5 1054.1-1806.7 -987.4 3 2 . e  
Kl/Al WCl/A1 T@/TO1 P02/P01 EFF-AD EFF-P 
iBM/SEC KG/SEC ROTOR ROTDS 
P2iOVPr2 EPSI-I PSI-2 P a  7E 
LB,\I/FTZSEC DEGREE DEGREE SPAR 
48-50 29.333 30.W5 0.0500 
i: 
AIRFOIL AERODYNAMIC SUMWRY PRINT 
L 105 PERCENT OESIGN SPEED (STATCR PERFORWNCE) RUN NO 111 SPEED CODE 5 POItCF NO 8 
L 
ir 
SL V - l  V-2 VM-1 VM-2 VO-1 VO-2 RHOVM-1 RHOVM-2 EPSI-1 EPSI-2 
I M/SEC M/SEC M/SEC M/SEC MISEC M/SEC KGIM2 SEC KGIM2 SEC RADIAN RADIAN 
1 339.5 216.2 200.3 216.2 274.1 3.3 259.09 337.08 0.4782 0.0809 I 2 327.1 210.0' 194.1 210.6 263.3 -2.6 255-38 332.10 0.4292 0.0693 
b 3 314.3 205.2 188.2 205.1 251.8 -6.3 250.85 327.20 0,3620 0.0622 
4 291.0 185.4 177.4 185.3 230.8 -3.5 243.21 298.51 0.1964 0.0392 
5 275.8 178.6 165.0 178.5 221.0 -4.1 229.96 285.66 0.0523 8.0015 
6 273.0 178.2 165.1 178.0 217.5 -8.6 231.34 283.21 -0,0159-0.0176 
7 275.1 181.5 170.4 181.3 215.9 -7.5 239.93 288.19 -0.0470 -0.0269 
8 276.5 187.4 171.3 187.3 217.1 -4.1 241.01 296.69 -0.0754 -0.0368 
I 9 276.5 194.2 161.2 194.2 224.6 1.8 223.70 299.34 -0.1723-0.0683 f 10 276.2 195.4 152.9 195.3 230.0 5.0 210.20 296.86 -0.2054 -0.0804 r 11 275.6 198.3 144.0 198.1 235.1 7.6 196.14 296.48 -Q.2504-0.0935 
1 St 0-1 0-2 M-1 M-2 INCS INCM OEV TLRN D-FAC OEM-B LOSS-P POZI POIPO TO/TQ SEFF-A XEFF-P DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE TOTAL TOTAL PO1 STAGE STAGE TOT-STt TOT-STG 1 56.0 0.8 0.9583 0.5798 1.55 4.51 14.71 55.16 0.5409 0.1564 0.0360 0.9303 2.5568 1.3600 85-37 87.16 
? 2 55.4 -0.7 0.9197 0.5650 2.95 6,08 11.27 56.07 0.5413 0.1251 0.0293 0.9474 2.5550 1.3541 86.73 88.35 
i: 3 54.5 -1.7 0.8806 0.5512 2.68 6.05 9-10 56.20 0.5386 0.0827 0.0198 0.9673 2,5527 1.3475 88-28 89.n 
4 52.8 -1.1 0.8082 0.4960 -0.19 4.06 8.94 53.85 0,5637 0.0729 0.0184 0.9746 2.4993 1.3428 87.20 88.72 
5 53-3 -1.3 0.7561 0.4742 -0.69 4.66 8.74 54.60 0.5731 0.0710 0.0192 0.9776 2.4859 1.3581 82.93 83.95 
6 52.8 -2.8 0.7443 0.4716 -1.01 4.73 7.34 55.55 0,5787 0.0870 0.0243 0.9732 2.4845 1.3665 80-95 83.21 [ 7 51.7 -2.4 0.7497 0.4801 -2.09 3.78 7.77 54.08 0.5693 0.0968 0.0274 0.9700 2,4977 1.3701 80.68 82.98 
i 8 51-7 -1.2 0.7514 0.4950 -2.10 3.90 9.02 52.95 0.5515 0.0945 0.0271 0.9705 2.5205 1.3781 79.87 82.29 9 54.4 0.5 0.7410 0.5075 -1.49 4.73 12.89 53.92 0.5398 0.1034 0.0309 0.9684 2.5287 1.4122 3 - 5 5  76.72 
I 10 56.6 1.4 0.7355 0.5077 -1.69 4.55 15.23 55.12 0.5408 0.1102 0.0334 0.9667 2,5221 1.4283 70.53 74.05 11 58.9 2.2 0.7292 0.5123 -4.76 1.38 18.60 56.69 0.5367 0.1084 0.0332 0.9577 2.5201 1.4464 67.59 71.45 
E SL 'J-1 V-2 VM-1 VM-2 VO-1 M-2 RHOVM-1 RHGVM-2 PCT TE EPSI-1 EPSI-2 
i FTISEC FTISEC FTISEC FTISEC FT/SEC FTISEC LBMfFTZSEC LBMIFTZSEC SPAN DEGREE DECREE 
1 1 1 1 1 3 . 9  709-5 657.2 709.4 899.4 10.8 53.06 69.04 0.0430 27.401 4.635 2 1073.3 690.9 637.0 690.8 863.9 -8.7 52-30 68.02 0.0901 24.591 3.971 
3 1031.3 673.3 617.4 673.0 826.1 -20.8 51.38 67.01 0.1410 20.742 3.561 
4 954-9 608.1 581.9 608.0 757.1 -11.3 49.81 61.14 0.2989 11.254 2.246 
5 905.0 585.8 541.5 585.7 725.1 -13.6 47.10 58.51 0.5086 2.999 0.087 
b 6 895.8' 584.6 541.6 583.9 713.5 -28.2 47.38 58.00 0.6103 -0.909 -1.006 
7 902.5 595.4 559.1 594.9 708.4 -24.7 49.14 59.02 0.6598 -2.695 -1.539 
8 907.3 614.8 562.1 614.7 712.2 -13.4 49.36 60.76 0.7l07 -4.322 -2.107 
9 907.1 637.2 528.9 637.2 736.9 6.0 45.81 61.31 0.8620 -9.873 -3.912 
. . 10 906.3 641.1 501.8 640.9 754.7 16.4 43.05 60.80 0,9101 -11.766 -4.605 
P 11 904-4 650.6 472.4 650.1 771.2 25.0 4G.17 60.72 0.9571 -14.345 -5.359 
i NCORR WCORR WCOPR TO/TO Kt2/P01 POIPO EFF-A0 EFF-P 
i INLET INLET INLET STAGE STAGE STAGE STAGE 
1 RPM LBM/SEC KG/SEC X X; 
4 + cn 13089.40 178.00 80.73 1.3739 0.9681 2.5165 80.61 82.93 I 4 
1 AIRFOIL AERODYNRMIC Sl!MMRY PRINT 
i - 105 PERCENT DESIGN SPEED (ROT@. PEECRWNCE) RUN NO 111 SPEED CODE 5 POINT NO 6 I 3  
i 00 SL V-1  V-2 VM-1 VM-2 0 -  YO-2 il-1 U-2 V 8 - 1  V'-2 V0'-1 VO1-2 RHOVM-1 RHOVN-2 EPSI-1 EPSI-2 M/SEC M/SEC M/SEC MISEC M/SEC M/SEC M/SEC M/SEC M/SEC N/SEC M/SEC M/SEC KG/M2 SEC KG/M2 SEC RADIAN RADIAN I 1 154.3 333.3 154.3 184.7 0.0 277.4 302.7 351.4 339.7 199.0 -302.7 -74.0 134.53 242.54 0.5118 0.5:78 
i 2 166.1 321.0 166.1 183.2 0.0 263.6 322.0 361.4 362.3 207.7 -322.0 -97.8 142.15 244.36 0.4242 0,4524 3 177.6 307.0 177.6 i77.0 0.0 250.8 341.0 371-4 384.5 214.2 -341.0 -120.6 149.13 238.89 0.3435 0,3819 
4 202.9 279.0 202.4 162.9 0.0 226.5 390.8 401.5 440.3 239.1 -390.8 -175.0 162.54 225.83 0,1432 0.1981 1 5 213.3 260.9 213.3 149.0 0.0 214.1 446.2 441.6 494.6 272.0 446.2 -227.5 167.23 208.56 -0,9498 0.0246 6 213.7 256.4 213.7 147.3 0.0 209.9 471.2 461.7 517.4 291.7 -471.2 -251.8 167.40 206.95 -0.1226 -0.0516 
I 7 213.1 258.1 213.1 153.4 0.0 207.6 483.1 471.7 528.0 305.5 -483.1 -264.2 167.16 216.79 -0.1590 -0,0904 I 8 211.3 259.5 211.3 155-9 0.0 207.4 494.9 481.7 538.1 315.6 494.9 -274.4 166.37 220.s -0.1977 -0.1305 9 201.4 255.0 201.4 140.7 0.0 212.6 529.6 511.13 566.6 330.6 -529.6 -299.2 161.83 197.41 -0.3001 -0,2523 
10 198.2 251.6 198.2 126.3 0.0 217.6 540.4 521,9 575.6 329.5 -540.4 -304.3 160.25 175-82 -0.3234 6.2890 
11 195.9 248.5 195.9 112.4 0.0 221.6 550.7 531.9 584.5 330.0 -550.7 -310.3 159.10 155.64 -0.3315 -0.3182 
SL B-1 8-2 0'-1 B8-2 M-1 M-2 M'-1  M8-2 INCS INCil DEV TlRN D FAC OEM-0 LOSS-P P02/ XEFF-A XEF-P 
k 
i MGREE DEGREE DEGREE DEGREE DEGREE DEGREE DEGREE OEGREE TOTAL TOTAL PO1 TOTAL TOTAL 
1 1 0.0 56.1 62.69 21.65 0.4774 0.9390 1.0508 0.5607 -2.38 1.n 9.n 41.m 0.6001 0.1346 0.0265 2,7449 93.66 94.49 
4 2 0.0 55.3 62.52 28.21 0.5155 0.9018 1.1248 0.5835 -1.21 2.50 10.42 34.31 0.5991 0.1167 0,0229 2.6920 93.B 94.53 I 3 0.0 55.0 62.35 34.500.55340.85941.19800.5996 -0.09 3.30 11.05 27.84 0.6034 0.1165 0.0225 2.5223 92.93 93.82 
! 4 0.0 54.5 62.54 47.31 0.6383 0.7738 1.3852 8.6632 0.64 2.92 11.50 15.23 0.5963 0.1224 0.0221 2.5167 90.58 91.71 
# 5 0.0 55.1 64.43 56.720.67390.7l441.56250.7448 9.26 2.11 11.16 7.7l 0,5763 0.1701 0.0276 2.4657 81.93 8-70 
E 6 0.0 54.7 65.54 59.45 0.6753 0.6985 1.6349 0.7947 0.41 2.14 9.16 6.09 0.5578 0.1853 0.0288 2.4663 82-90 89-91 7 0.0 53.2 66.13 59.570.67330.70261.66800.8315 0.69 2.36 7.19 6-56 0.5411 0.1793 0.0282 2.4934 83.17 85.17 
! 8 0.0 52.7 66.83 60.050.66700.70461,69870.8570 1.31 2.86 6.46 6.78 0.5325 0.1&50 0.0290 2.5156 82.41 84.52 9 0.0 56.2 69.17 64.520.63320.68241.38130.8849 2.03 3.45 6-04 4.66 0.5340 0.2490 0.0340 2.5l54 75.68 78.59 1 10 0.0 59.6 69.84 67.22 0.6223 0.6681 1.8073 0.8750 1.73 3.11 6.69 2.62 0.5435 0.2860 0.0348 2.5045 72.12 75.43 
1 11 0.0 62.9 70.36 69.930.61450.65541.83370'.8702 1.31 2.65 7.32 G.43 0.5512 0.3174 0.0338 2.4984 69.25 72.88 
i 
1 SL V-1 V-2 VM-1 VM-2 VO-1 YO-2 U-1 U-2 V ' - 1  V8-2 M'-i  bD8-2 RHOVM-1 RHOVM-2 PSI-1 EPSI-2PCTTE FP/SEC FT/SEC FTlSEC FT/SZC FT/SEC FT/SEC FT/SEC FTJSEC FT/SEC FTiSEC FT;SEI: F?/SEC LBWFT2SEC LBRfFT2SEC OEmEE EGREE SFSPAN 
4 1 506.4 1093.5 506.4 60G.X 0.0 910.1 993.0 1152.9 1114.7 652.9 -993.0 -242.7 27.55 49-67 29.324 29.668 0.0500 
i 2 544.8 1053.2 544.8 601.1 0.0 664.8 1056.6 1185.8 1188.8 631.5-1056-6 -321.0 29.11 50.05 24.302 25.922 0,1000 
' ,  3 582.6 1007.2 582.6 580.7 0.0 822.9 1118.8 1218.7 1261.4 702.7-1118.8 -395.8 30.54 48.93 19,683 21.882 0.1500 
I! 665.8 915.3 665.8 534.5 0.0 743.1 1282.2 1317.4 1444.7 784.5-1282.2 -574.3 33.29 46.25 8.207 11.350 0.3060 
S 699.8 855.9 699.8 489.0 0.0 702.5 1464.1 1449.0 1622.7 892.4-1464.1 -746.5 34.25 42.71 -2.852 1.411 0.5000 
6 701.1 841.3 701.1 483.2 0.0 688.7 1546.0 1514.8 1697.6 957.1-1546.0 -826.2 34.28 42.39 -7,023 -2.957 0,6000 
7 699.3 846.8 699.3 503.3 0.0 681.0 1584.9 1547.7 1732.4 1002.2-1584.9 -866.7 34.2.C 44.40 -9.108 -5.181 0.6500 
8 693.3 851.3 693.3 511.6 0.0 680.4 1623.8 1580.6 1755.7 1035.4-1623.8 -900.2 34.07 45.23 -11,327 -7.480 0.7000 
9 660.9 836.5 660.9 461.5 0.0 697.7 1737.6 1679.4 1859.0 1084.8-1737.6 -381.7 33.14 40.43 -17,192 -14.45T0.8500 
10 650.3 825.4 650.3 414.4 0.0 713.8 1773.1 1712.3 1888.5 108l.0-1773.1 -998.4 32-82 36.01 -19.528 -16.559 0.4100 
11 642.7 815.5 642-7 366.9 0.0 727.2 1807.0 1745.2 1917.9 1082.7-1807.0-1017.9 32.59 31.58 -18.93 -18.230 0.9500 
. i WCP/Al WC1/A1 T02fT01 P02IP01 ER-AD ER-P 
b ! LBM/SEC KG/SEC ROTOR ROTOR 
SqFT 5913 X X 
40.08 195.59 L.3616 2.5340 84.06 85.99 
t e  
1 AIZiFOIi AERODYJIAMI C SWARY PRINT 105 PERCEHT DESIGII PEED (STATOR PERFmPANCE) RUN NO 111 SPEED CODE 5 POIW 1 0  ti 
-- 
SL V - 1  V-2 VI4-1 V%2 M-1 VO-2 WOYPrl RHOVrr2 EPSI-1 EPSI-2 
M/SEC PI/SEC MESEC M/SEC M/SEC M/SEC KG/i42 SEC KG/ru12 SEC RADI@f RADIR# 
1 340.7 231.5 205.7 231.5 271.5 4.5 264.82 350.30 0.4725 0.0814 
2 328.2 226.3 201.4 226.3 259-1 D.3 253.82 347.77 0.4218 0.0636 
3 314.3 218.3 194.4 218.3 246.9 -4.2 257.77 339.17 0.3592 0.0608 
4 288.2 195.5 181-3 195.4 224.0 -4.2 246.35 307.09 0.2007 0.0347 
5 270.5 181.7 166.1 181.6 213.5 -5.1 228.U3 282.89 0.0543 -0,0027 
5 266.6 179.1 164.2 198.9 210.1 -9.0 226.13 276.73 -0.0160-0.0212 
7 268.9 183.1 170.1 183.0 208.2 -7.0 235.42 282.87 -0.0474-0.0301 
8 270.9 189.6 173.0 189.6 208.4 -3.9 233.65 232-31 -0.0750 -0.0396 
9 270.1 195.7 163.5 1S.7 215.0 -0.7 223.01 2W.05 4.1696 5,0695 
10 268.9 195.6 153.6 195.6 220.7 2.1 207.16 289.47 -0.2051-0,0811 
11 268.2 197.4 i44.6 197.3 225.9 4.3 193.11 287.37 4,2529 -0.0935 f "  
s t  a-I 8-2 yri rr2 mcs INCR DEV TU~N D-FAIL OEGR-B LOSS-P POZ/ mtm ~ I D / T O  ZEFF-A ZEFF-P 
DEREE DEGREE DEGREE DEREE EmEE DECREE TOTAL TMRL Pol STAGE STAGE TOT-5TG TOT-STG 
1 55.0 1.1 0.9636 0.6247 0.51 3-47 14.95 53.87 0.4916 0-1629 0-0375 0.9270 2-5427 1.3565 85-65 87.40 
2 53.9 0.1 0.9253 0.6117 1.44 4.57 12.04 53.79 0.4PPA 0.1239 0.0291 0-%?5 2.5467 l.Nf482 87,s 89.3 I c. 3 53.0 -2.1 0.8829 0.5903 1-24 4-61 9-75 59-11 0.4903 0.0244 0.0202 0.9666 2-5305 1,3406 89-12 90.43 I 4 51.4 -1.2 0.8326 0.5265 -1.60 2-fiS 8.77 52-60 0-5185 0.0617 0.0156 0.9788 2,4fji)9 1,3334 87.97 89.38 
3 5 52.1 -1.6 0.7.137 0.4850 -1.83 3.53 8.45 53.76 0.5461 0.0654 O.Ol.77 0 - 9 W  2,4150 1.3465 2 84-6L 
i 6 52.0 9 .9  0.7293 0.4764 -1.81 3.93 7 2 3  51.s 0.55m 0.0861 0-0240 0.9743 2,4031 1.3547 88-20 82-46 7 50.7 -2.2 0.7349 0.4870 -3.05 2,82 7-96 52.93 0.5454 0.0949 0.02@5 2.99715 2,4389 1.3579 80-15 82-43 
8 50.3 -1.2 0.3389 0.5038 -3.52 2.48 9.09 51.46 0.5253 0.0900 0.0258 0.9727 2-4437 1.3644 79.74 82.10 
9 52.9 -0.2 0,7270 0.5147 -3.07 3.15 12.15 53-07 0.5151 0.0930 0.0278 0,9724 2.4481 5.3951 Z3.n 76-76 
10 55.4 0.6 0.7f87 0.5124 -2.90 3.34 14.38 54.76 0.5207 0,8977 0.02% 0-3715 2.4354 1,4114 70.30 73-73 
11 57.8 1.2 0.7122 0.5129 -5.87 0.27 17.65 56.53 0.5204 0.0986 0.0302 0,9717 2.4284 1.4293 67-10 70-88 
SL V - 1  V-2 VM-1 VPr2 M-1 VO-2 RMOVM-1 RUOYH-2 PCTTE EPSI-1 EPSI-2 
FTfSEC FT/SEC FTfSEC FT/SEC FTlSEC FT/SEC LBilfFT2SEC LEM/FE!SEC . t i  DEGREE DEGREE 
1 1117.7 759.6 674.9 759.4 891.0 24.9 54.24 71-73 0.0430 27.072 4.665 
2 1076.7 742.6 660.7 742-6 850.2 0.9 54.03 71.23 0.0901 24-170 3-9-36 
I 3 1031.1 716.3 637.7 716.2 810.2 -13.9 52.79 69.47 Q-lKEI 20.583 3.482 4 945.6 641.4 594.9 641.2 734.9 -13.9 50.45 62.89 0.2989 11.501 1.990 
I 5 887.6 596.1 545.1 595.8 700.5 -16.8 46-70 57.94 0.50% 3.110 -0.154 6 874.9 587.7 538.5 587.0 689.4 -29.4 46.31 56.68 0.6103 -0.916 -1.214 
7 m2.1 600.9 558-1 ~30.4 6a3.1 -a.o 48-22 57.33 0.6598 - 2 - n s  -1.725 
8 888.8 622.1 567.7 622.0 683.9 -12.7 49.08 53.87 0.7107 -4.298 -2.270 
t 9 886.1 642.0 536.3 642.0 705.4 -2.3 45.67 63.22 0.2620 -9,Z8 -3.985 
I * 10 882.2 641.7 503.9 641.7 724.1 6.7 42.43 59.29 0.9101 -11,753 -4.647 
1 11 879.9 647.6 474.3 647.4 741.1 14.0 39.55 58.86 0.9571. -14.4KI -5.355 
NCORR WCW WCORR m/TD P02/PO: PII/Ptl! EFF-AD EFF-P 
IliLET IIILET INLET S A G E  STAGE STAGE STAGE 
L RPM iBM/SEC KG/SEC % % 
13091.00 178.60 81,XI 1.3616 0.9699 2.4578 e0.94 83-16 
F DATA TAKEN P R I O R  TO DETERIORATION 
4 
0 100 PERCEItT OESIGll SPEED (ROTOR PERFORI.RNCE) 
AIRFOIL AERODY~tN~lIE SD,PJARY PflICT 
RW $10 101 SPEED COEE 10 POINT ti0 8 
V'-2 VO'-1 V0'-2 PJiOVM-1 
fl/SEC NjSEC N/SEC KG/f12 SEC 
196.9 -288.4 -72.5 130.45 
209.0 -306.9 -100.3 137.96 
220.9 -324.9 -126.2 144.89 
244.9 -372.4 -180.2 158-15 
276.6 -425-2 -233.8 162-32 
291.6 -4129-0 -253.9 162.31 
9 194.6 233.1 194.6 150.4 0.0 178-1 504.6 487.7 540.8 344.2 -5134-6 -309.6 
10 191-9 231.5 191.9 136.9 0.0 186.7 514.9 497-3 549-5 339-4 -514.9 -310.6 
11 109.7 227.5 189.7 122.6 0.0 191.6 524.8 506-8 558.0 338-2 -524.8 -315-2 
SL B-1 8-2 B'-1 B'-2 M-1 11-2 MI-1 11'-2 INCS INU.1 DEV TURN 
DEGREE DEGREE DEGREE DEGREE DEGREE OEWEE DEGREE DEGREE 
1 0.0 54.8 62.51 21-42 0.4571 0.9077 0.9997 0.5537 -2.57 1-52 '9.47 41-09 
2 0.0 53.2 62.36 28-77 0.4930 0.8652 1,0695 0,5924 -1.37 2-35 lQ.98 33-59 
3 0.0 51.7 62.21 35-05 0.52% 0.8239 1.13% 0.6252 -0.23 3.16 11.60 29-15 
4 0.0 50.9 62.49 47-62 0.6064 0.7347 1.3138 0.6878 0.58 2.87 11-87. 14A6 
5 0.0 51.2 64.55 56.48 0.6347 0.6769 1.4783 0.7685 0.38 2-23 10-92 8-07 
6 0.0 52.1 65.69 60.31 0.6347 0-6487 1.5461 0.8951 0.56 2-29 1iD.02 5.38 
7 0.0 51.3 66.22 61.348.63400.64151.57810.8381 0.78 2.46 8.96 4.88 
8 0.0 49.7 65.e0 61,58 0.6310 0.6431 1,6090 0.8764 1.28 2-83 3-98 5-22 
9 0.0 49.4 68.81 63.76 0.6091 0.6384 1.6931 0.9427 1-67 3-09 55.2 5.05 
P3(0YM-2 
KG/M2 SEC 
231.40 
235.65 
236-24 
220- 61 
203-45 
191.02 
158.55 203.52 -0.2832 -0.2491 
157.17 183.13 -0.3106 -0.2857 
155.99 162.75 -0-3242 -0.3158 
D FAC otl iw-a LOSS-P ~ 0 2 1  XEFF-A XEFF-P 
TOTAL TOTAL fpol TOTAL TOTAL 
0.5767 0.1306 0.0257 2-5086 93.69 94-44 
0.5624 0-0942 0.0185 2.4428 94.70 95.32 
0.5506 0,0306 0.0!35 1.3796 95.49 96.W 
0.5477 0.0853 0.0153 2.2633 92-95 93.71 
0.5304 0.14W 0.0229 2.2018 06-61 88-00 
0-5208 0.1701 0.0258 2-1722 83.01 84-74 
0.5052 0.1669 0.0249 2.1725 82.96 84.70 
0.4866 0.1564 0.0234 2-1900 83-75 85.43 
0.4655 0.1780 0.0250 2-2248 80-93 82.93 
10 0.0 53.4 69.46 65.93 0.6001 0.6282 1.7186 0.9209 1.36 2.73 5.40 3.53 0-4868 0.2312 0-0296 2-2219 75.59 78-14 
11 0.0 57.2 70.02 68.57 0.5926 0.6126 1-7437 0,9109 0.98 2.31 5.96 1.45 0.4981 0.2697 0,0306 2.2103 71-73 74.66 
SL V - 1  V-2 Vt.1-1 Vf1-2 VO-1 UO-2 U-1 11-2 V r - 1  V ' 4  YO8-1 YO*-;! K!O'PH--I PiOYM-2 P S I - I  EPSI-2PCTTE 
FT/SEC FS/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FTPSEC FT/SEC FT/SEC LBM/FT2SEC LBMPFTZSEC DEGREE DEGREE SPAN 
1 486.5 1049.6 486.5 600.7 0.0 860.7 946.2 1098.5 1063-9 646-0 -946-2 -237.8 26.72 47-39 29.351 29&% 0-0500 
2 522.9 1N1.6 522.9 601.7 0.0 800.7 1006.8 1129.9 1134-5 685.8-1006-8 -329.1 28.25 48.26 24,375 25.828 0.1000 
3 558.8 955.0 558.8 594.8 0.0 747.1 1066.1 1161.2 1203-5 724-7-1066.1 -414.1 29-67 48-38 13.764 21-763 O-P50O 
4 635.8 858.3 635.8 543.9 0.0 664.0 1221.8 1255.3 1377.3 803-5-1221-8 -591-3 32-39 45.18 8,140 11.202 0-3080 
5 663.3 799.5 663.3 500.5 0.0 623.5 1395.0 1380.7 1544.7 907.6-1395.0 -757.2 33.24 41.67 -2,955 1.136 0,5000 
6 663.2 770.8 663.2 470.7 0.0 610.5 1473.1 1443.4 1615.5 956-7-1473.1 -832.9 33-24 39.12 -6,847 -3.251 0.600 
7 662.5 763.0 662-5 474.0 0.0 597.9 2510.2 1474.8 1649.2 996.8-1510.2 -876.9 33.22 39.57 -8,555 -5.404 0.6500 
8 659.6 765.0 659-6 491.0 0.0 586.6 1547.3 1506.1 168Z.O 1042-4-1547.3 -919.5 33.14 41-26 -10.432 -7.544 0.700It 
9 638.3 764.8 638.3 493.4 0.0 584.3 1655.7 1688-2 1774.5 1129-4-1655-7-1015-9 32-47 41.68 -16.226 -14.272 0-8MO 
10 629.6 759.7 629.6 449.3 0.0 612.6 1689.5 1631.6 1803.0 1113.6-1689.5-1019-0 32-19 37-51 -17,793 -16,369 0-9POO 
11 622.3 746.4 622-3 402.4 0.0 628.6 1721 -8  1662.9 1830.8 1109.8-1721-8-1034.3 31.95 33.33 -18.575 -18-096 0-9500 
WCl/Al SrWCl/Al TO2 /TO1 POZ/POl EFF-A0 EFF-P 
LBMlSEC KG/SEG ROTOR ROTE 
srln S Q I ~  % x 
38.98 190.22 1.3036 2.2591 86.34 87.80 
I I i I I I 
I 
I k E 
W
k
 
b 
L
A
2i%
G
~2iG$@
~E?8 
b 
BQ 
H
I
-
 
a
)
 
=
m
w
%
%
8$3%
RKl 
g
%
g
m
s
i
h
W
W
W
h
W
9
 
s 
o
g
n
?
~
m
q
,
-
i
w
~
d
d
d
~
 
a
w
~
~
d
~
d
d
d
d
d
&
&
 
A 
t= 
-
 
2 
I 
0
 
!
I
 
I 
I 
lJJ 
L 
! 
8
 
~
$
8
~
$
~
k
%
~
~
!
?
%
%
 
?$8e%
f&?s'&gs%
%
k 
T
E
~
~
~
%
%
%
~
&
Z
%
%
Q
W
 
I 
I 
6
 
B 
~
~
d
d
d
d
d
d
d
d
d
d
d
 
a
n
s
s
a
s
x
s
a
s
a
s
s
 
~
~
d
d
d
d
d
d
d
d
d
d
d
 
zsggassssgsse gpi;y?t?~~~;g;;i~M~ 
I 
1
1
1
1
l
1
1
 
W
&
P
J
N
N
M
 
I 
I 
Id
d
v
W
V
Y
 
1 
I 
I 
n
w
 
u
,
 
I 1 
+
=
~
~
m
u
a
'
 
E
zE
B
O
3gB
R
B
R
ohb+ 
~
'
~
-
W
~
V
)
L
~
V
I
 
-iY
l2
~
?
 
% 
ii 
u
~
O
~
-
~
~
@
W
h
~
c
n
m
~
 
1 
t 
Q
 
d
d
d
d
d
d
d
d
d
d
d
 
h
 
'2 I 
I 4 1 1 
i) 
0
 
I 
z
 
t
+
~
~
~
~
w
~
m
r
+
r
-
~
~
~
 
W
~
O
N
,-
~
W
V
)IJ
?
 
u
m
~
~
-
b
m
~
m
w
m
r
n
q
 
I m
d
d
4
d
d
d
d
G
d
d
d
 
y
g
9
a
c
\!s
9
:m
!b
8
G
:F
!Z
 
-
,w
 
~
w
d
d
d
d
A
A
&
d
d
d
i
 
g
~
g
~
~
~
~
~
~
n
~
c
u
~
 
r
g
~
$
r
y
y
~
$
$
$
~
~
 
g
\
w
m
r
n
m
~
i
a
'
r
n
r
n
~
~
 
iz 
0
 
W
 
I 
ka'-h
m
m
m
m
m
m
=
m
 
"
 
u
?
yy?
?
?
yyy&
yn
! 
N
W
 
g 
~q~~~.+~-.ggg~~ 2 
+? 
f 
*
 / 
I- 
*
~
N
N
N
N
.
I
d
d
,
+
N
N
N
 
1 
5 
U
h
h
?
~
?
C
?
?
O
?
?
r
!d
?
 
rtw
 
I
*
 
i
 P
3Z
P
C
P
X
R
gG
E
 
"
'?
1
?
1
'?
Y
1
?
?
?
9
~
+
Y
~
 
F 
i 
w
 
m
m
h
m
m
m
h
w
m
 
z
 
m
a
r
n
h
-m
w
m
m
m
m
 
w
\
h
~
~
~
~
m
m
~
~
m
~
~
~
\
m
 
~
~
~
m
~
m
m
o
w
m
r
n
m
IC
;
m
 
I 
o
c
n
m
u
a
irn
rn
rn
rn
m
~
 3
%
u
m
~
m
a
~
r
.
e
m
m
r
n
a
w
w
 
W
 
>
X
~
8
i
~
i
,
-
4
t
+
~
d
i
d
 
a
 
d
d
d
d
d
d
d
d
d
d
d
 
~
~
m
W
~
W
W
m
m
U
3
m
m
m
y
z
~
h
 
v
) 
-<
-m
,-4 
7 
-L
 
u
y
q
9
'y
q
y
y
y
y
\y
 
0
 
Y
~
m
,+
m
m
m
m
-
+
m
m
m
~
 
z
.
.N
,-4
h
o
,w
N
m
w
h
~
h
a
tr
d
 
t
m
m
h
i
~
m
w
w
~
m
w
m
o
-
~
~
m
 
U
Z
0
2
.t 
=
-
 
N
 
4
 
i 
8 
i
~
m
a
m
m
h
r
n
r
n
o
d
 a
 
,N
m
e
m
m
r.c
o
m
,=
 
rtN
rn
w
m
m
h
c
o
m
o
- 
?+ 
d
d
 
V1 
,-4 
d
 
'* I i 
17 1 
-
 
-
 
-
*
 
-
-
-
-
-
.
-
-
-
.
-
 
*
 
.
 
-
 
-
 
'
 
id
*-*_
-- 
.L
-
 
